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S U M M A R Y
This thesis studies methods o f teaching and learning in undergraduate 
chemistry laboratory courses, in order to re la te  d i f fe re n t  groups o f 
laboratory aims to d i f fe re n t  styles o f laboratory courses and to 
examine important factors which are a ffec t ing  the achievement o f the 
aims.
F i r s t  a l i s t  o f aims was drawn up and the d i f fe re n t  types o f 
laboratory courses described in the l i te ra tu re  were examined.
A survey questionnaire about aims and teaching methods used in the 
laboratory was then sent to 307 chemistry s ta f f .  In order to 
understand the processes o f teaching and learning in  the laboratory 
in more depth, six laboratory courses were evaluated using the 
i l lu m in a t ive  s ty le  o f evaluation.
The methods o f evaluation although s im ila r  in each case study had to 
be adapted so tha t the most e ffe c t ive  method o f evaluation could be 
used on each occasion. The evaluations involved the study o f any 
documentary evidence available and the use of questionnaires, 
interviews and observation. The evaluations started by concentrating 
on a wide range o f issues but progressively focussing on important 
issues and studying these in more depth.
The f in a l  chapter o f the thesis draws together a l l  the information 
collected in e a r l ie r  chapters. The more important f ind ings and 
recommendations are described below:
(1) The aims and charac te r is t ics  o f t ra d it io n a l courses are described.
The types of in te rac tion  between the d i f fe re n t  groups of 
people involved in t ra d i t io n a l courses are described and the 
e f fe c t  of these in teractions on the learning environment is  
di scussed.
The amount and nature o f s ta f f  and postgraduate demonstrator 
teaching is  discussed and i t  is  found tha t courses could be 
improved by providing some sort o f postgraduate demonstrator 
tra in in g .
Mthods o f replacing some aspects o f the work o f teaching 
s ta f f  are discussed. These include the use o f audio-visual 
m ateria ls , computers, group work and students working in  pa irs .
The aims and charac te r is t ics  o f open courses are described.
The open nature o f these courses is  found to lead to students 
sometimes having d i f f i c u l t i e s  with coping with such courses, 
which in turn leads to more demands being made on s ta f f  and 
demonstrators both in time and in terms o f expertise. The need 
fo r  a lower studentiteacher ra t io  and fo r  postgraduate 
demonstrator t ra in in g  in th is  type of course is  emphasised.
The problems of teaching p ractica l s k i l l s  and techniques in 
open courses are discussed.
Trad it iona l and open courses are compared and i t  is  concluded 
that often s ta f f  and students feel tha t open courses are be tte r 
able to achieve th e i r  aims. The main constra in t preventing a
s h i f t  to more open work is  lack o f s u f f ic ie n t  and su itab ly  
tra ined teaching s ta f f .
F in a l ly  a number o f a lte rna t ive  laboratory sty les and a 
va r ie ty  o f methods available fo r  improving present courses, 
are discussed.
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C H A P T E R  1
I N T R O D U C T I O N
1.1 S ta t in g  the Problem
The e ffe c t ive  use o f the laboratory fo r  educating undergraduate 
sc ie n t is ts  is  a subject which has con tinua lly  a ttrac ted a tten tion  in 
the l i te ra tu re .  In recent years a number o f studies have been 
carried out to investigate  what the aims o f  the laboratory work were 
thought to be. In 1965 Chambers (30.) carried out a survey o f  physics 
s ta f f  and concluded tha t much laboratory work is  inappropriate fo r  
achieving the aims o f  the academic s ta f f .  This work was followed by 
surveys in mechanical engineering by Lee (94) in 1969 and in chemistry 
by Tremlett (168) in  1972. Tremlett noted tha t there was disagreement 
between s ta f f  and students about the aims o f laboratory work. He also 
noted tha t the aims o f academic s ta f f  fo r  laboratory courses appeared 
to change according to the year o f  the student and tha t there was a 
s h i f t  in teaching methods in  the laboratory as students proceeded 
through th e ir  degree course. In his survey o f professional mechanical 
engineers Lee (94) concluded tha t c r i t ic ism s  o f laboratory p rac tica ls  
arose from confusion about th e i r  intended learning outcomes. He went 
on to say:
"Few attempts were made by prac tic ing  teachers or researchers 
to discover the re la tions between separately defined 
objectives and the learning processes associated with them."
The partic ipan ts  at a m u lt id is c ip l in a ry  three day working session on 
laboratory courses held in 1973 (118), were agreed tha t 'a great deal 
more needed to be known about what went on in laboratories in  order to 
obtain a be tte r understanding o f the e ffec ts  o f change . . .  on the system
i
in to  which they are introduced.
This thesis concentrates on c la r i fy in g  the aims o f ind iv idua l laboratory 
courses^ in chemistry and on gathering information about a lte rna t ive  
methods o f achieving d i f fe re n t  groups o f aims. The emphasis is  on 
examining how successful d i f fe re n t  methods are in achieving d i f fe re n t  
groups o f aims and on the processes w ith in  the d i f fe re n t  methods tha t 
f a c i l i t a t e  or hinder learning.
One assumption embodied in th is  thesis tha t should be stated at the 
outset, is  tha t laboratory courses are an accepted part o f  chemistry 
degree courses. The thesis therefore does not attempt to challenge 
whether laboratory courses should be included as part o f a chemistry 
degree course but attempts to f in d  the most e ffe c t ive  ways o f using 
the laboratory.
1.2 A Framework fo r  Thinking about Laboratories
In order to f a c i l i t a t e  the study o f the re la tionsh ip  between 
d i f fe re n t  aims and the methods used to teach them the various possible 
aims fo r  laboratory courses have been divided in to  areas.
1.2.1 D if fe ren t Areas o f Aims
A paper in  N u ff ie ld  Newletter number 3 (118) e n t i t le d  'P rac tica ls  and 
Projects ' outlines four areas o f aims. Examination o f  the l i te ra tu re  
revealed a f i f t h  area o f aims (see Chapter 2). The areas o f  aims are:
Area A : Aims concerned with the contents o f the course or w ith the
1. By a laboratory course I mean a course such as a second year Physical 
Chemistry laboratory course, not the laboratory work in a whole 
degree course.
nature o f chemistry; subject re lated aims (aims 1 - 51).
Area B : Aims concerned with basic p rac tica l s k i l l s  needed to
perform practica l work in the laboratory; manual and 
observational s k i l l s  (aims 6 - 9 ) .
Area C : Aims concerned with more general s k i l l s  re lated to p rac tica l
work; in te l le c tu a l and organisational s k i l l s  (aims 10 - 23; 
30).
Area D : A t t i tu d in a l  aims (aims 24 - 29).
Area E : Aims concerned with personal re la tionsh ips (aims 31 - 33).
1.2.2 Laboratory Styles
This thesis studies the factors a ffec t ing  the achievement o f aims in  
the d i f fe re n t  areas. One fac to r is the laboratory s ty les . A number o f  
d i f fe re n t  laboratory sty les are curren tly  being used in  chemistry 
laboratory courses in the U.K. Three main laboratory sty les commonly 
referred to in the l i te ra tu re  are:
(1) T rad it iona l laboratory courses
A t ra d i t io n a l course is  one in which the student is  expected to 
carry out experiments in a predetermined way. The experiments 
include ins tru c t io n  sheets which contain step-by-step ins truc t ions  
on how to perform the experiment.
These numbers re fe r to aims in the aims questionnaire included in 
Section 2.1.4.2 page 21.
(2) A course o f 'open1 or problem-solving experiments.
In open experiments a problem is posed and the student is  
required to develop an appropriate experiment to solve the 
problem. For the experiment to be open, there must be more than 
one possible way to solve the problem although not necessarily 
more than one so lu tion . Obviously the degree o f  'openness' can 
vary considerably.
(3) Projects
A p ro jec t is  an investiga tion  by a student o f a problem. The 
student may have taken part in the formulation o f  the problem.
He chooses the experimental methods to be used and may reach one 
o f  a number o f conclusions. A p ro jec t is  usually supervised 
personally by one member o f s ta f f  and with i t s  greater student 
involvement lasts fo r  several weeks or longer.
I t  is  o f course, possible to have a laboratory course which contains a l l  
three s ty les . Also the three sty les tend to merge in to  one another with 
the degree o f  openness gradually increasing from (1) to (3 ). Some 
experiments or courses are thus best described by using more than one 
o f the above descriptions.
In add it ion , w ith in  each laboratory s ty le  students may work in  groups, 
in pa irs , or in d iv id u a l ly  and the laboratory course may be integrated 
with the theory or not integrated with the theory.
As well as these d i f fe re n t  laboratory sty les courses may be run as 
courses las t ing  a term or a year, or less frequently as u n it  la b o ra to r ie s .
>In u n it  laboratories the course is  broken down in to  shorter topics o f 
about 3 to 5 weeks in length. Each top ic  is  organised by one member o f
s ta f f  in the way that he feels is  most appropriate fo r  achieving the
aims. A u n it  could thus be o f  any o f  the laboratory sty les described
above or even a mixture o f the d i f fe re n t  s ty les .
1.3 The Structure o f  the Thesis
The thesis is  structured so tha t the problem o f teaching and learning 
in the laboratory is  considered in gradually increasing depth.
Chapter 2 surveys the l i te ra tu re  relevant to the aims o f  laboratory 
courses, d i f fe re n t  laboratory sty les and possible research methods fo r  
investiga ting  laboratory courses.
Chapter 3 reports on the find ings o f a questionnaire sent to chemistry 
s ta f f  who organise laboratory courses. The questionnaire was designed 
to obtain basic information about s ta f f  opinions o f  the aims o f  laboratory 
courses, about the d i f fe re n t  sty les o f  laboratory course being used in  
the U.K. and about the organisation o f laboratory courses.
Chapter 4 describes s ix  case-studies. These are detailed i l lu m in a t ive  
evaluations o f d i f fe re n t  laboratory courses. The evaluations were 
designed to achieve a greater understanding o f how students learn in  the 
laboratory and o f the factors which f a c i l i t a t e  and in h ib i t  learning.
Chapter 5 is  short and describes one facet o f  the teaching and learning 
s itu a t io n  in the laboratory, the use o f videotapes. I t  is  a comparative 
study using data from one o f the courses described in Chapter 4 and one 
other course.
Chapter 6 draws together the find ings o f the e a r l ie r  chapters. The 
nature and cha rac te r is t ics  o f t ra d it io n a l and open sty les o f  laboratory 
courses are discussed. A number o f  factors common to each laboratory 
s ty le  are outlined and the e ffec ts  o f changing various parameters w ith in  
the laboratory sty les are discussed. A lte rna tive  laboratory sty les fo r  
achieving d i f fe re n t  groups o f aims are then reviewed and the methods 
available fo r  improving the effectiveness o f laboratory courses are 
discussed. F in a l ly  areas fo r  fu ture research are discussed.
C H A P T E R  2
A LITERATURE SURVEY
This chapter f i r s t  surveys comments in  the l i te ra tu re  about the aims o f 
laboratory courses in science. I t  then reviews the d i f fe re n t  methods 
tha t are being used to achieve these aims as well as comments about 
th e i r  e ff ica cy  or otherwise. F in a l ly ,  l i te ra tu re  is  reviewed, about 
methods o f evaluation which are su itab le  fo r  inves tiga ting  the factors 
a ffec t ing  the educational effectiveness o f the d i f fe re n t  sty les o f 
courses used fo r  achieving d i f fe re n t  groups o f aims.
2.1 Aims o f Laboratory Courses
2.1.1 Reason fo r  s ta t ing  aims and objectives^
Many reasons have been given fo r  s ta t ing  the aims or objectives o f  courses
(1) "Aims . . .  help to establish the ethos o f  the curriculum.
Although fo r  d i f fe re n t  teachers (or students) a given 
set o f  aims may imply d i f fe re n t  sets o f ob jectives, fo r  
any teacher (or student) his aims are l i k e ly  to help him 
in judging the worthiness o f the ob jectives. Aims provide 
an overall standard against which objectives are 
ju s t i f i e d . "  (145)
(2) Aims and objectives are an aid to systematic planning o f 
courses. (116) They help with the selection and organisation 
o f  content (47, 72) and o f su itab le  teaching and learning
1. In the l i te ra tu re  the words, aims and objectives are often used 
interchangeably. In th is  thesis an aim is  used as a term fo r  "a 
general declaration o f in te n t which gives d irec t ion  to a teaching 
programme, and an ob jective (as a term) fo r  a p a r t ic u la r  po in t in 
tha t d ire c t io n " .  (100) An example o f  an aim is  ' to  teach basic 
practica l s k i l l s  and techniques', whereas an ob jective could be ' to  
teach a student to use a 50 ml burette to carry out a c id /a lk a l i  
t i t ra t io n s  with e rro r  o f  less than 0.25%.
materials (42, 54, 56, 72, 101, 133, 145): They provide c r i t e r ia  fo r  
teachers to guide learning (67).
(3) Aims and objectives help students to organise th e i r  learning (54,
72, 100, 145) and make learning more meaningful to the students (7).
Gagne (57) states,
"T e ll in g  the learner what is  to be his performance when
learning is  complete . . .  seems to be o f  considerable
importance to the learning process. I t  cannot be said 
with ce r ta in ty  why th is  is  the case. Such ins truc t ions  
may provide continuing d irec t ion  to learning . . .  This may 
mean tha t they establish a set which is  carried in  his 
head by the learner throughout the period o f  learn ing, 
and which makes i t  possible fo r  him to re je c t 
extraneous ir re le va n t s t im u l i . "
Kapfer (83) suggests tha t once students know what they are aiming to
achieve i t  is  possible to give them a choice o f  possible teaching and
learning methods to achieve those aims. Frazer (54) suggests tha t 
objectives can be made the basis o f ind iv idua lised  in s tru c t io n .
(4) Aims and objectives help teachers to communicate with one another
about th e i r  courses (100, 101, 116, 133, 178)
(5) The statement o f aims and objectives makes the teaching and 
learning process more susceptible to evaluation (54, 72, 101, 145).
(6) Objectives can be used as a basis fo r  assessment and aims can
be used as a guide to the type o f assessment required (15, 16, 42, 54, 
56, 47, 68, 72, 100, 145).
(7) Objectives can be used as a basis fo r  providing students with 
information about how successful they have been in achieving the 
objectives (7, 16) or so tha t students can evaluate th e i r  own 
progress (101). Beard (8) states tha t i f  students are able to see tha t 
they are achieving the ob jectives, more enthusiasm is  generated in them.
2.1.2 L im ita tions o f  aims and objectives
A number o f  l im ita t io n s  o f aims and objectives have been pointed out in 
the l i te ra tu re .
2.1.2.1 L im ita tions o f  objectives
(1) A l l  possible educational outcomes cannot be predicted 
accurately (47) and educational objectives do not allow fo r  . 
unexpected outcomes (67). This could have a narrowing e f fe c t  on 
teaching (72).
(2) I t  is  d i f f i c u l t  to describe a l l  the desired outcomes in terms o f  
students' behaviours (67, 161) p a r t ic u la r ly  in some subject areas such 
as the arts  and with more complex concepts (47, 72). This tends to 
lead to the t r i v i a l  being emphasised at the expense o f  more important 
though less eas ily  definable objectives (54, 72). I t  also l im i ts  the 
extent to which objectives can be used as a basis fo r  assessment. I f  
the objectives cannot be stated precise ly more judgment has to be 
exercised in  assessing the students' achievement (47).
(3) Objectives give a fa lse impression o f  precision and o f  consensus 
between teachers. Objectives being statements o f terminal performance 
t e l l  one nothing about the knowledge s tructure o f the subject, i . e .  the 
in te r - re la t io n s h ip  o f  ideas, nor about the sequencing o f  concepts and 
p r inc ip les  fo r  learning a subject (72). Teachers in te rp re t objectives 
d i f fe re n t ly  and sythesise them in d i f fe re n t  ways, according them 
d i f fe re n t  h ierarch ica l status (161, 181).
(4) Objectives are d i f f i c u l t  to use to systematise learning because 
the re la tionsh ip  between learned a b i l i t y  and learning experience is  not 
well understood (72). Objectives do not specify how a classroom should 
be organised. The learning environment is  very complex and i t  is  more 
important to be able to understand i t  as a whole; to understand the 
e f fe c t  o f  the whole curriculum on the students (160, 161), c f  item (2) 
in Section 2.1.1.
As a re su lt  o f  these d i f f i c u l t i e s  teachers do not use objectives as a 
basis fo r  constructing cu rr icu la  (47).
2.1.2.2 L im ita tion  o f  aims
Aims are c r i t ic iz e d  fo r  th e i r  vagueness and ambiguity. This leads to 
them being o f l i t t l e  use in planning learning experiences. I t  also 
means tha t i t  is  d i f f i c u l t  to know whether the aims have been achieved. 
Almost any set o f teaching a c t iv i t ie s  and short term learning outcomes 
can be ju s t i f i e d  as being appropriate fo r  achieving the aims (145).
2.1.3 Purpose o f the Investiga tion o f  aims in th is  thesis
The purpose o f th is  thesis is  to provide ins igh t which w i l l  enable
course organisers to select appropriate teaching and learning methods 
to allow students to achieve the aims which they feel are important 
fo r  Chemistry Laboratory courses at the undergraduate le ve l.  In order 
to do th is  the aims o f laboratory courses need to be c la r i f ie d .  Aims 
which are im p l ic i t  in the present courses must be made e x p l ic i t  so tha t 
they are open to scru t iny , discussion and possible modification and so 
tha t re la tionsh ips between groups o f aims and d i f fe re n t  teaching 
methods can be explored. I t  w i l l  thus become possible to provide 
information about a lte rna t ive  teaching methods tha t are su itab le  fo r  
achieving d i f fe re n t  aims.
Aims are thus being studied so tha t courses can be evaluated (see 
Section 2.1 .1, item (5)) and compared with one another (see Section 2 .1 .1 , 
item (4 )) .  This should shed more l ig h t  on the re la tionsh ip  between 
d i f fe re n t  groups o f aims and d i f fe re n t  teaching methods (Section 2 .1 .1 , 
item (2 ), Section 2 .1 .2 .1 , item (4 ), Section 2 .1 .2 .2 ).
2.1.4 Possible aims o f laboratory courses
In 1970 Entw istle and Percy (48) commented with respect to th e i r  study 
o f aims and ob jectives,
"Here we appear to be working in what amounts to a research 
vacuum. Much has been w r it te n  about objectives in higher 
education but l i t t l e  can be counted as research."
In th e i r  l i te ra tu re  survey o f  the aims o f un ive rs it ie s  over the la s t  
180 years, they stated,
"Throughout the range o f  comment there is  a wealth o f
sup e rf ic ia l statement and conceptual confusion. The 
task o f  extracting  sense and s tructure from th is  area 
is  formidable and might have defeated us."
Fortunately the present l i te ra tu re  survey is  confined to a study o f 
aims o f  laboratory courses in  science and engineering but nevertheless 
there has been a vast amount w r it te n  in th is  area.
Aims have been drawn from science and engineering as well as from
chemistry because o f the s im i la r i t ie s  between the aims in  the d i f fe re n t
areas. I t  w i l l  be seen tha t many laboratory aims are unrelated to the 
content o f the courses. Some o f the differences between the aims o f 
laboratory courses in  d i f fe re n t  subjects are discussed in  the analysis
o f the aims survey in  Chapter 3.
2.1.4.1 Methods o f  c lass ify ing  laboratory aims and 
objectives
In 1951 Kruglak (91) drew up a l i s t  o f  objectives which were used to 
assess students' p rac tica l performance in 'Elementary E le c t r i c i t y ' .
He divided the objectives in to  s ix  categories:-
(1) Instrument?!:] s k i l l s  e.g. to manipulate basic apparatus.
(2) S k i l ls  in the use o f con tro lled  experiments e.g. given a piece
o f  apparatus to determine whether i t  is  in working condition .
(3) Problem solving s k i l l s  e.g. to solve problems new to the student
invo lv ing laboratory apparatus.
(4) Miscellaneous s k i l l s .
(5) Functional understanding o f  p r inc ip les  e.g. to p red ic t,  on the 
basis o f  theory, what is  l i k e ly  to happen with a given 
laboratory set up.
(6) Habits e.g. neatness, caution, safety.
I t  can be seen tha t th is  l i s t  would be very useful in assessing a 
student's performance, as i t  specifies the s k i l l s ,  understanding and 
habits tha t a student would be expected to have a t the end o f  a 
laboratory course.
In 1965 Nedelsky (116) drew up a l i s t  o f  suggested objectives fo r  
science courses. Part o f his l i s t  concerns objectives fo r  the 
laboratory part o f science courses. He arranges the objectives in  
h ierarch ica l order and breaks down Kruglak's terminal s k i l l s ,  under­
standing and habits in to  objectives which must be achieved before these 
terminal objectives can be achieved.
Nedelsky's laboratory objectives are:
(1) Laboratory knowledge
1.1 Knowledge o f apparatus and materials
1.2 Knowledge o f laboratory procedures
1.3 Knowledge o f re la tions between data and generalisations
from the data
(2) Laboratory understanding
2.1 Understanding processes o f measurement
2.1.1 Apparatus e.g. set up apparatus to verbal or 
symbolic specifica tions
2.1.2 Measurement i . e .  select proper apparatus, carry
out specified measurements and in te rp re t  resu lts
2.2 Understanding the experiment
2.2.1 Experimental design
2.2.2 Experimental process
2.2.3 In te rp re ta t ion  o f experimental data
2.3 In tu i t iv e  understanding o f phenomena e.g. estimate the 
distance a spring gun w i l l  p ro jec t a p e l le t .
(3) A b i l i t y  to learn from experiment or observation
3.1 A b i l i t y  to pursue an experimental inqu iry
3.2 Possession o f  laboratory s k i l l s
3.3 D isc ip lined th ink ing
3.4 Imaginative th ink ing in  the laboratory.
I t  can be seen tha t Nedelsky's c la s s i f ic a t io n  tends to emphasise more
t r i v i a l  ob jec tives, which was pointed out as one of the problems o f
objectives in  Section 2.1 .2 .1 . Lower level objectives are described 
■, in de ta il whereas higher level objectives such as 'experimental process' 
'd is c ip l in e d  th in k ing ' and 'imagniative th ink ing in the labora tory ' 
are l e f t  with l i t t l e  explanation.
In 1973 Wilkins (174) drew up a l i s t  which was 'an attempt to set out a 
comprehensive c la s s i f ic a t io n  o f p ractica l a b i l i t ie s  in  h ie rarch ica l 
order, from the more simple to the most complex'. I t  is  as follows
U  Knowledge o f apparatus
1.2 Knowledge o f procedures
1.3 Knowledge o f ways o f using apparatus
2.1 A b i l i t y  to use apparatus
2.2 A b i l i t y  to implement procedures
2.3 A b i l i t y  to se lect appropriate procedures fo r  a p a r t ic u la r
experimental problem
3.1 A b i l i t y  to observe materials under investiga tion
3.2 A b i l i t y  to observe changes/differences in materials under
investiga tion
3.3 The a b i l i t y  to record appropriate ly the observed materials 
and the changes occurring in them
4.1 The a b i l i t y  to devise new apparatus to meet the demands o f
a p ractica l problem
4.2 The a b i l i t y  to devise novel procedures to solve a
practica l problem
This l i s t  can again be c r i t ic is e d  fo r  emphasising lower level ob jectives. 
Also many objectives which many academic s ta f f  feel are important 
are missing, e.g. a l l  the aims and objectives concerned with 
processing data obtained in  an experiment and w r it in g  about i t  and 
a t t i tu d in a l  aims such as s tim ula ting students' in te re s t .
Swain (164) carried out a l i te ra tu re  survey o f aims o f chemistry 
laboratory courses at school level and analysed the aims according 
to the order in which the a b i l i t ie s  were needed when performing an 
experiment in the labora to ry :-
(1) The road to the experiment
1.1 A b i l i t y  to comprehend the purpose o f the experiment
1.2 A b i l i t y  to plan the experiment
1.3 A b i l i t y  to obtain a viable experimental set-up
(2) The experiment: A b i l i t y  to perform the experiment
2.1 Manipulation
2.2 Observation
2.3 Recording
(3) The conclusions to the experiment
3.1 A b i l i t y  to analyse and in te rp re t  the experiment
3.2 Presentation o f  the experiment
The nature o f th is  analysis means tha t i t  is  more re lated to the 
teaching s itu a t io n  but i t  again does not include any a t t i tu d in a l  aims 
and l ik e  Nedelsky's and W ilk ins 's  l i s t s  does not re la te  the 
theore tica l part o f the course.
One problem with describing the objectives o f laboratory courses is  
tha t as yet there is  much confusion and disagreement, even a t the level 
o f aims. Lee (93) states tha t an attempt to iso la te  the aims and 
educational objectives o f p rac tica l work by means o f  a l i te ra tu re  
search showed only tha t the w r i te rs ' views on i t s  purpose, aims and 
relevance were legion and disparate.
In order to draw up a l i s t  o f  ob jectives, f i r s t  a l i s t  o f  aims should 
be drawn up, so tha t bias towards t r i v i a l  or eas ily  stated ob jectives 
is  avoided (see Section 2 .1 .2 .1 , item 2 and Section 2 .2 .1 , item 1).
As has already been mentioned in Chapter 1, the N u ff ie ld  Newsletter 
No. 3 (118) provides a useful framework fo r  the discussion o f  aims o f  
laboratory work. Aims were divided in to  four areas:
"Area 1 is  concerned with p rac tica l work as a means o f  o ffe r in g  
the student a deeper understanding and appreciation o f the content 
o f the d is c ip l in e .  Laboratory a c t iv i t ie s  in th is  area may well 
be seen as an adjunct to the main lecture course: they w i l l  be
concerned with i l l u s t r a t in g  and confirming the factual basis, 
concepts and theories o f some p a r t ic u la r  subject o f  study." An 
example o f an aim in th is  area is  " to  i l l u s t r a te  and amplify 
lecture m ate ria l" .  "Area 2 re lates to the acqu is it ion  o f  those 
techniques or manipulative s k i l l s  which are seen as an essential 
mark o f competence in a spe c if ic  d is c ip l in e ."  An example o f  an 
aim in th is  area is  ' to  fa m il ia r is e  the students with important 
instruments devices and techniques". Aims in  areas 1 and 2 are 
concerned with knowledge and techniques in a p a r t ic u la r  
d is c ip l in e .  Aims in areas 3 and 4 are more generalisable.
"Area 3 concerns . . .  ' labora tory  d is c ip l in e ' - the development o f  
techniques and understanding," fo r  example, "the methodological 
gathering o f data" or "w r i t in g  reports". Area 4 is  concerned 
w ith a ffe c t ive  or a t t i tu d in a l  aims. Examples are "to  provide the 
student w ith a stimulant fo r  independent th ink ing" or " to  encourage 
en terprise , in i t i a t i v e  and resourcefulness". A re lated set o f  
aims is  also included w ith in  area 4 concerned with the 'soc ia l 
aspect' o f  laboratory work; fo r  example "the creation o f  an 
a t t i tu d e  and approach tha t w i l l  enable students to work e f fe c t iv e ly  
as members o f a team".
The areas o f aims with some minor modifications are used fo r  the 
discussion o f  aims throughout th is  thesis. Area 1, as area A, has been 
expanded to include aims tha t are concerned with the nature o f  the 
subject e.g. "to  demonstrate tha t chemistry is  an empirical science". 
Areas B and C are iden tica l to areas 2 and 3. Area 4 has been divided 
in to  area D which contains most o f  the aims from area 4 and area E which 
is  concerned with aims about re la tionships between people.
2.1.4.2 Stated aims o f laboratory courses
A l i s t  o f 33 possible aims fo r  a chemistry laboratory course was 
drawn up from
(1) an analysis o f  the l i te ra tu re  a t the te r t ia r y  le ve l;
(2) some prelim inary work using an aims questionnaire in 
course evaluations, and
(3) discussions with members o f  academic s ta f f  (see Chapter 3 
Section 3.3.1.1 fo r  fu r th e r  d e ta i ls ) .
In order to f a c i l i t a t e  the organisation o f th is  l i te ra tu re  survey, aims 
given in the l i te ra tu re  w i l l  be cross-referenced to th is  f in a l  l i s t .
Two types o f papers occur in the l i te ra tu re  o f  aims o f laboratory 
work. F i r s t ly ,  there are papers describing surveys carried out in 
order to determine the re la t ive  importance o f  d i f fe re n t  aims in  
laboratory courses.^ Secondly there are papers in which ind iv idua ls  
assert th e i r  own views.
1. These are described in more de ta il in Chapter 3, Section 3.3.2.4 
and 3.3.2.6.
POSSIBLE A IMS FOR A CHEMISTRY LABORATORY COURSE
1. To teach theoretical  material not 
included in lectures and tu tor ia ls
2. To i l l u s t r a t e  material taught in 
lectures and tu tor ia ls
3. To demonstrate that chemistry is an 
empirical science
4. To demonstrate that chemistry is a 
useful science
5. To study a small area of chemistry in 
depth
6. To teach basic practical  sk i l ls  
(e.g.  manipulative and preparative 
s k i l ls  and techniques)
7. To fami l ia r ise  students with some 
important instruments and devices
8. To t ra in  students in observation
9. To make students aware of specif ic  
hazards in experimental chemistry 
and to teach them to take the 
necessary safety precautions
10. To simulate conditions in research 
and development laboratories
11. To develop students' s k i l l  in problem­
solving by experimental work
12. To t ra in  students in experimental  
design
13. To develop students' a b i l i t y  to 
recognise problems which can be 
solved through experimental chemistry
14. To develop students' a b i l i t y  in making 
hypotheses
15. To develop students' a b i l i t y  in 
selecting techniques, procedures or 
apparatus appropriate for a 
par t icular  experiment
16. To develop students' a b i l i t y  to make 
a c r i t i c a l  assessment of the methods 
used to obtain experimental data
17. To teach a logical  and methodical way 
of working in a chemistry laboratory
18. To t rain students in keeping a day- 
to-day laboratory notebook
19. To develop students' a b i l i t y  to 
make deductions from experimental 
data and to in terpret  experimental 
data
20. To develop students' a b i l i t y  in 
accepting or reject ing a hypothesis
21. To develop students' a b i l i t y  in 
estimating the size and signif icance 
of errors
22. To t ra in  students in wr it ing  
reports on experiments
23. To develop students' a b i l i t y  to 
communicate results o ra l l y  (e.g.  in 
seminars and discussions)
24. To provide the students with a 
stimulus for independent thinking
25. To encourage i n i t i a t i v e  and 
resourcefulness in the students
26. To stimulate and maintain students'  
in terest  in chemistry
27. To encourage perseverance in 
experimental chemistry
28. To develop honesty and s c ie n t i f i c  
in te gr i ty
29. To develop open-mindedness and 
f l e x i b i l i t y  of a t t i tude  (e.g .  w i l l i n g  
ness to consider new facts)
30. To t rain students in extract ing  
information from the l i t e r a t u r e  
(including training in the use of 
the l ib rary )
31. To provide closer contacts between 
students and academic s ta f f
32. To provide closer contacts between 
students wi thin the course
33. To develop students' s k i l l  in 
working and co-operating with others
The d is t r ib u t io n  o f aims in d i f fe re n t  subjects has been studied but 
few differences are noticeable. These are reported in the comments about 
each area o f  aims.
2.1.4.2.1 Area A : Aims concerned with the content o f
the course or with the nature o f the subject; 
subject re la ted aims
Aim Survey Individual Total -
, Projects -
i - l 30, 19 - 180 3
2 ! 94, 30, 168, 19 180,
136,
70, 2, 182, 91, 29, 2 6 ,| 65 
53, 162, 174, 116, 118 ,
18
3 168
i
i 1
4 , , 167 1
5 . ! 171, 146 2
a Number o f aim in aims questionnaire (see opposite)
b Number o f  reference (see Appendix A) 
c Total number o f  papers c i t in g  aim 
d Papers s p e c i f ic a l ly  about projects
C learly aim 2 ' to  i l lu s t r a te  material taught in lectures and tu to r ia ls  
is  most important. A number o f authors expanded on th is  aim, fo r  
example
D.A.Aikens et al (2): To develop an awareness o f p rac tica l
methods o f dealing with systems as they ac tua lly  behave in  the 
real world in contrast to the ' id e a l '  behaviour normally 
stressed in lectures.
L-S-Lee (94): To i l lu s t r a te  supplement and emphasise material
taught in the lectures.
Aim 4 ' to  demonstrate tha t chemistry is  a useful sc ience ', is  re la ted 
to a number o f  recent papers which discuss the ro le o f  chemistry in 
society as a whole (33, 98, 177).
2.4.2.2 Area B: Basic practica l s k i l l s
Aim Survey 1
i
Individual Total
i
i
i
i
i
,Projects
■
6 , 
i 
i
94, 30, 168, 19 |
i
i
180, 175, 2, 123, 182, 91, 29, |65, 132 
26, 136, 162, 174, 63, 116, ,
118, 113 ,
21
i
7 ,
i
30, 168, 19 |
i
180, 91, 29, 26, 162, 174, 63, j 
118
11
i
8 , 168, 139 180, 175, 117, 118 | 6
i
9 ,
i
i 182, 91 2
Aim 6 : ' to  teach basic p ractica l s k i l l s '  is  c le a r ly  considered to
be important.
Aim 7 : ' to  fa m il ia r is e  students with some important instruments and
devices ', is  mentioned less by Chemists than by Physicists or 
Engineers, presumably because simple apparatus tends to be used more 
in Chemistry.
2 .1 .4 .2 .  Area C : Aims concerned w i th  general  s k i l l s
re lated to practica l work; in te l le c tu a l and 
organisational s k i l l s
Aim
i
Survey , Ind ividual Total
i I
1 Projectsi
10 94, 19 i 118 ' 171i 4
11 94,19 i 91, 26, 116 1 6,146 7
12 30,19 i 182, 63, 116 ' 65, 160, 146i 8
13 i 164
i
i 1
14 ii 123 1 108, 160,6 i 4
15 i 123,91,113 1 6 i 4
16 30, 168, 19 i 91 , 29, 162, 117, 118 1 41, 6i 10
17 30 i 91,138,118,116 1 171,i 6
18 94, 168, 19 i 175, 123, 29, 174, 63, 113
i 9
19 94, 30, 168, 19 ' 180, 123, 182, 91 , 29, 162, 174, 1 108, 64,160a 16i
i 117,116,113 ' 132i
20 ii 164
i
i 1
21 94, 168, 19 | 29, 26, 118 ii 6
22 94, 30, 168 180, 175, 123, 182, 91 , 29, 162, ' 146, 166, 19i 117, 63, 66, 118 | 171,6 ,132
23 ii 182, 162, 66, 118 | 166,6 6
30 168
i
| 171, 146
i
3
Two aims are considered to be very important in th is area: i . e .  aim 19
and aim 22.
Several authors expanded in  some o f the aims. For example:
Aim 11 : ' to  develop students' s k i l l  in problem-solving by experimental
work.
Boud (19): (a) To use experimental data to solve spec if ic
problems; (b) To develop students' s k i l l  in problem-solving in  a 
m u lt i-so lu t io n  s i tu a t io n ;  (c) To demonstrate the use o f an 
experimental method as an a lte rna t ive  to the ana ly tica l method so 
solving problems.
Tremlett (168): To develop an appreciation and comprehension o f
a problem.
Aim 12 : ' to  t ra in  students in  experimental design'.
Wilkins (175): (a) To develop the a b i l i t y  to devise new
apparatus to meet the demands o f a p ractica l problem; (b) To 
develop the a b i l i t y  to devise novel procdures to solve a 
p ractica l problem.
A number o f authors proposed more general aims which include many o f 
those described in  area C.
For example:
Read (136), Menzie (109) and Martin (104): To give experience
with and appreciation o f the various methods used in experimental 
science.
Nedelsky (116): To develop the a b i l i t y  to pursue an experimental
enqui ry.
2 .1 .4 .2 .4  Area D: A t t i t u d i n a l  aims
Aim Survey 1 Ind ividual ii Total
1
i
i
i i
i Projects ' 
■ •1
24 . 94, 19 2, 53, 118
i i
> 160, 45, 171 * 7
1
25 i
1
1 70, 2, 53, 118
1 t
' 132, 64, 160' 
■ |
6
1
26 • 94,
1
30, 19 « 70, 66
1 1 
■ 65, 65, 67, 6'
i i
8
I
27 <
i
i
I i
• 132, 160a,39« 
1 |
3
!
28 • 168
i
i 117, 118 I 1 
1 |
3
I
29 '
i
i
i
i
i
i
117, 116 ' 166
i i 
i i
3
A number o f authors phrased the aims in ra ther d i f fe re n t  terms. For 
example, aim 24.
Dronsfied (43): (a) The student should have an opportunity
to make personal inves tiga tive  decisions; (b) The laboratory 
in s tru c t io n  should provide an environment in which 
discovery, by the student, is  both possible and encouraged.
Aim 26 : Includes the fo llow ing aim o f  Boud (19) ' to  provide
>
motivation fo r  the student to acquire spe c if ic  knowledge.
2.1 .4.2 .5 Area E: Aims concerned with personal
re la tionsh ips
Aim Survey 1 Indiv idual
i
iTotal
i
i
i
i
i
, Projects 1
i
i
31 -
i
94, 30, 19 « 174, 63, 146 . | 6
1
32 •
i
i ' 0 
1
I
33 «
i
i
i
i
50, 4
1
» 160, 166, 6 , '  
• 146
The l i s t  o f papers included in th is  survey is by no means comprehensive: 
The l i te ra tu re  survey was terminated when the important a r t ic le s  on aims 
had been reviewed and when a search o f  other papers fa i le d  to produce 
any new aims.
The N u ff ie ld  Group fo r  Research and Innovation in Higher Education (118) 
noted tha t area B was considered to be o f more importance than area A.
I t  also seemed from v is i t s  to about 150 departments o f  science and 
engineering tha t there was a s h i f t  in emphasis (not necessarily a 
c lear subs titu t ion  o f aims) from areas A and B towards C and D.
T ietzein 1972 (165) interviewed 55 members o f  s ta f f  in  twelve chemistry 
departments and confirmed the emphasis on area B with the aim 'to  
teach experimental s k i l l s '  being more frequently mentioned. Another 
important aim was to help ' to  learn the facts and theories o f chemistry' 
(area A ) .  Tietze also pointed out tha t there were differences between 
the aims o f  advanced, i . e .  f in a l  year, laboratory courses and those o f  
a more in troductory nature. Aims in the advanced laboratory courses 
include 'learn ing  how to plan and design experiments' .  Another 
aim tha t was frequently mentioned was to use laboratory work to 
generate enthusiasm fo r  chemistry.
The emphasis on areas A and B in chemistry is  also confirmed in  the 
Ourisson report (1966) (125) and the Eaborn report (1970) (44). The 
Eaborn committee also emphasised tha t they thought the primary aim o f 
laboratory work was ' to  give the student a fee ling  o f  the nature o f  
chemical experimentation' (area C).
I t  is  in te res ting  to note tha t the papers describing p ro jec t work put 
more emphasis on aims in areas C and D than on A and B. Obviously
in emphasis from aims in  areas A and B to aims in C and D, are re la ted.
In recent years there has been much discussion o f a move from 
education in chemistry to education through chemistry. In 1973 
Frazer (54) said, “ At te r t ia r y  level a consensus is  emerging tha t 
there should be less emphasis on the factual content o f  courses, and 
more a tten tion  to (a) understanding p r inc ip les  and app lica tion  to 
problems and (b) the acqu is it ion  o f  s k i l l s ,  a tt itudes  and a b i l i t ie s  
expected o f any educated person and useful in many diverse careers not 
only in chemistry". S im ilar comments were made by Lord James (78) in 
1975.
The s h i f t  in emphasis towards aims in  areas C and D is  in accord with 
a change in emphasis to education through chemistry.
2.2 D if fe re n t Styles o f Laboratory Work
This section examines the va r ie ty  o f sty les o f  laboratory work tha t 
are cu rren tly  used at the undergraduate leve l.  The l i te ra tu re  survey 
concentrates on laboratory courses offered in chemistry in  the UK but 
references are also made to laboratory work in  other countries and 
other subjects. This thesis concentrates on teaching and learning 
sty les in laboratory courses, ra ther than on the content o f  the 
courses, and w ith in  the science and engineering area there is  
considerable overlap in laboratory s ty les . I t  is  therefore f e l t  th a t 
many o f  the comments and c r it ic ism s  o f  non-chemistry laboratory 
courses are relevant to th is  study.
2.2.1 C l a s s i f i c a t i o n  o f  S ty les  o f  Laborato ry  Work
Few attempts have been made to c la s s i fy  d i f fe re n t  styles o f laboratory 
work. Three sty les which are quoted throughout the l i te ra tu re  are 
t ra d i t io n a l laboratory work, open or problem solving laboratory work 
and pro jects .
In 1964 the Hale Report (63) id e n t i f ie d  a va r ie ty  o f teaching and 
learning sty les in the laboratory: "P ractica l work in the laboratory 
may take on a great var ie ty  o f forms ranging from the set experiment, 
planned in de ta il with i t s  accompanying ins tru c t io n  sheet and 
occupying the period o f  a single p ractica l c lass, to the 'open-ended' 
research p ro jec t in the la te r  years d i f fe r in g  only in scope and 
duration from the work o f  a post-graduate research student. The 
students concerned may work s ing ly , in  pairs or even in groups; 
p ractica l work may progress step by step with the lecture course to 
which i t  forms an extension, or i t  may be quite unrelated to the topics 
o f theore tica l in s tru c t io n  which are being studied at the same time.
A laboratory may be set up with a group o f experiments which are 
unchanged over a long period, the students ro ta t ing  between them as 
each experiment is  completed, or the class material may be changed a t 
every p ra c t ic a l ,  each student being provided with iden tica l equipment 
or specimens".
In 1972 Fowler (53) id e n t i f ie d  three a lte rna t ive  sty les to the 
t ra d i t io n a l or 'cookbook' s ty le :
(a) The 'labora tory  l ib ra ry '  and the 'c o r r id o r  lab o ra to ry '.
These laboratories both contain experiments "designed to
demonstrate phenomena or to provide simple experimental 
data fo r  analys is". The experiments are designed so tha t they 
can be attempted unsupervised and are accompanied by s e l f -  
ins truc t ion a l materials which enable students to do the 
experiment unaided.
(b) The 'open laboratory '
"The open laboratory is  an attempt to allow the student complete 
freedom in the laboratory. The in s tru c to r  provides the 
equipment and guidance fo r  i t s  use, the student selects his 
experimental goal or goals, designs the experiment, inc lud ing 
the making o f necessary decisions as to what w i l l  be measured 
and to what accuracy etc. and evaluates his re s u l t . "
A "divergent laboratory" is  also described. This is  s im i la r  to 
an open laboratory but the amount o f openness is  l im ite d  by 
providing a l im ited  number o f routes through the experiment.
(c) The 'p ro je c t  laboratory '
This is  described as "a single in depth experimental p ro jec t 
which occupies the en t ire  term". Projects are more open than 
the experiments described above; "the student is  responsible fo r  
the conception and design o f the experiment and e sse n t ia l ly  fo r  
a l l  decisions which guide i t  to conclusion".
Tremlett (168) proposed a hierarchy o f  four d is t in c t  levels o f 
laboratory experience which he thought were necessary in  an under­
graduate course in order to develop appropriate s k i l l s  and a tt i tude s  
in  students.
Level i : me ciosea experience
The function o f th is  level is  to develop manipulative 
procedures and spec if ic  laboratory techniques tha t would be 
needed in la te r  laboratory work.
(b) Level 2 : The structured experience
At th is  level students do structured experiments which use the
experimental s k i l l s  and techniques lea rn t in level 1 and which 
re la te  to the students' theore tica l studies. "Level 2 is  h igh ly 
structured de libe ra te ly  and is  programmed with the in ten tion  o f 
developing observational measurement, ana ly tica l and 
in te rp re ta t io na l s k i l l s . "
(c) Level 3 : The semi-open experience
Level 3 introduces a more open kind o f laboratory programme 
and allows the student greater re sp o n s ib i l i ty  and freedom o f 
action so as to encourage and develop an a t t i tu d e  o f enquiry.
(d) Level 4 : The fu lly-open experience
This level is  intended to o f fe r  students more extensive
opportunities fo r  d iscrim ination and judgment by attempting 
investigations e n t i re ly  independently.
Tremlett successfully designed and tested a short experimental course 
based on th is  hierarchy. Neither o f  the c la ss if ica t io n s  above include 
the va r ie ty  o f  laboratory sty les tha t have been reported in  the 
l i te ra tu re .
2 .2 .2  D i f f e r e n t  S ty les  o f  Laborato ry  Courses
This section reviews comments made in  the l i te ra tu re  about 
t ra d i t io n a l ,  open (or problem-solving) courses and about pro jec ts .
A number o f a lte rna t ive  laboratory sty les are then reviewed.
2.2.2.1 T rad it iona l Laboratory Courses
This section surveys comments in the l i te ra tu re  about t ra d i t io n a l 
laboratory courses and then about a p a r t ic u la r  type o f  t ra d i t io n a l 
laboratory course, the 'c ircus  lab o ra to ry '.
In his survey o f the l i te ra tu re  about laboratory courses Tremlett (168) 
quoted many references which are relevant to th is  survey and these are 
included where appropriate. Inev itab ly  comments in the l i te ra tu re  are 
mainly c r i t i c a l  o f t ra d i t io n a l laboratory courses because t ra d i t io n a l  
laboratory courses are the norm: I f  a teacher wishes to introduce 
a new kind o f  course he must show tha t i t  is  superior to t ra d i t io n a l 
courses. Also the dominance o f t ra d it io n a l laboratory courses has not 
yet been threatened and so teachers have not yet been compelled to 
w rite  in th e i r  defence. Notwithstanding, the l i te ra tu re  although 
biased does o f fe r  some useful c r i t ic ism s  o f  t ra d i t io n a l laboratory 
courses.
T rad it iona l courses have been c r i t ic is e d  fo r  having l im ite d  aims, 
fo r  th e i r  inadequacy in achieving th e i r  aims and fo r  undesirable 
e ffects  on both s ta f f  and students.
2 .2 .2 .1 .1  Aims
The most common and fundamental c r i t ic is m  o f t ra d i t io n a l laboratory 
courses is  tha t they are said to be only able to achieve aims in 
areas A and B and to a l im ited  extent in C (see Section 1.2.1 fo r  a 
description o f the aims in the d i f fe re n t  areas).
(a) Aims in  area C
Trad it iona l laboratory courses have been c r i t ic is e d  because
(1) They are u n re a l is t ic  and do not teach true experimentation;
they do not teach students the process o f  enquiry. 
(Chemistry 43, 181;^ Physics 29, 109, Tremlett 168, 
outlines s im ila r  comments made in  Medical Education 21,
141, and Engineering 105.)
(2) Students a f te r  doing a t ra d i t io n a l course were 'unable
to use an experiment to attack a chemical problem'. 
(Chemistry 120.)
(3) They do not teach 's c ie n t i f i c  method' (Chemistry 36, 59) 
and do not encourage prelim inary planning (Chemistry 99).
(b) Aims in  area D
(1) Tremlett (168) points out tha t science laboratory courses
have been c r i t ic is e d  by students because they do not
1. The numbers re fe r to the number o f  the reference in the l i s t  o f  
references; chemistry refers to the subject area.
allow students to th ink independently or to exercise 
o r ig in a l i t y  and creative thought (103, 114, 39, 25) and 
because they want to take more active part in  the 
learning process (114).
S im ilar c r i t ic ism s  are made by s ta f f  (Chemistry 45, 34, 
149; Physics 59). For example Eaborn(45) said tha t he 
suspected " th a t the major defect o f ex is t ing  courses is  
tha t they give the student l i t t l e  or no opportunity to 
exercise his o r ig in a l i t y ,  in d iv id u a l i ty  and creative 
a b i l i t y .  Tremlett (168) quotes s im ila r  comments made in 
Engineering (3, 61, 79, 88, 89, 96, 143, 162).
0§born (121, p. 25), however, points out tha t students 
o s c i l la te  between complaining about experiments which are 
routine and require no in i t i a t i v e  and complaining about 
experiments in which too much in i t i a t i v e  is  required and 
students become lo s t .  C learly a balance is  needed.
In Chemistry, t ra d i t io n a l courses have been c r i t ic is e d  
because they f a i l  to develop the a tt itudes  o f an 
inves tiga tive  chemist (84). Wood said tha t one o f  the 
main aims o f Engineering should be to develop in  a 
student a h igh ly c r i t i c a l  approach to experimentation 
(179).
Trad itiona l courses have often been c r i t ic is e d  because 
they have been found to f a i l  to stimulate in te re s t ,  and 
in fa c t in some cases they have a bad e f fe c t  on student
in te re s t  (Chemistry 25, 90, 13; Physics 29, 109, 30, 136; 
Engineering 162, 94; Biochemistry 176; Science and 
Engineering 118). Chambers (30) and Holliday and 
Hughes (73) pointed out tha t many students now come to 
un ive rs ity  w ith a background o f p ro jec t work and tha t 
tra d i t io n a l courses f a i l  to in te re s t  them. Fowler (53) 
pointed out tha t 'There is  no room in th is  type o f 
experiment fo r  student choice, ce r ta in ly  not as fa r  as
as what is  to be investigated, usually not even as fa r
as methods o f inves tiga tion . With no room fo r  fa i lu re ,  
there is  no great reward in success'.
(4) T rad it iona l courses have also been found to produce 
undesirable a tt itudes  about the re la tionsh ip  between 
theory and experimental work. Students carry out 
experiments to v e r i fy  theory. I f ,  however, they f in d  a 
discrepancy between th e i r  data and the theory, the 
theory is  the la s t  th ing tha t they w i l l  question 
(Physics 107, 26).
2.2 .2 .1 .2  Method
The methods o f teaching used in t ra d i t io n a l laboratory courses have 
been c r i t ic is e d  on a number o f  grounds:
(1) They are not the most appropriate method o f teaching. Hoare (70)
carried out a contro lled investiga tion  to compare a t ra d it io n a l 
chemistry laboratory course with a p ro jec t type o f course and 
found that the p ro jec t laboratory was superior fo r  teaching 
basic laboratory s k i l l s ,  awareness o f  the laboratory as a method
o f acquiring knowledge as well as a tt itudes  such as enterprise 
i n i t i a t i v e  and resourcefulness. Nugent (120) claims tha t a f te r  
taking a t ra d i t io n a l organic chemistry laboratory course,'when 
put in a new s itu a t io n  even good students were not able to perform 
routine c ry s ta l l iz a t io n s ,  d is t i l l a t io n s  or spectral id e n t i f ic a t io n s .  
Tremlett notes tha t s im ila r  c r i t ic ism s  o f the low level o f 
learning in t ra d it io n a l laboratories have been made in  B io log ica l 
Sciences (176, 1).
Kruglak carried out a con tro lled investiga tion  in  which he 
compared the achievement o f laboratory and non-laboratory 
groups (92). He found no s ig n i f ic a n t  d ifference between the two 
groups on a theory te s t  ind ica ting  tha t the laboratory work had 
not helped the students with the theory, but he found tha t the 
laboratory groups were s ig n i f ic a n t ly  be tte r than the non­
laboratory group on a l l  tests dealing with laboratory work.
Chambers (29) argues that much o f what students learn in  Physics 
laboratories could be lea rn t from lectures.
There is  a r is k  o f students working mechanically (Chemistry 43; 
Science 43, 121, 14). T rad it iona l courses do not encourage 
students to th ink about the p ractica l work in hand (Chemistry 99) 
and understanding is  frequently gained in students' subsequent 
study ra ther than in  the laboratory (60). Students become 
fru s tra ted  with predictable exercises (Chemistry 181, 163, 52, 151, 
49).
Lee (Engineering 94) and Black and Whitworth (Physics 12) 
c r i t i c is e  laboratory work fo r  being inadequately in tegrated w ith
the theore tica l courses.
2 .2 .2 .1 .3  Organisation
Laboratory courses in  general have been c r i t ic is e d  because "the 
laboratory often absorbs as much or more student learning time" as 
other methods o f teaching, "demands a much smaller student to 
in s tru c to r  ra t io ,  requires more f lo o r  space and expensive apparatus" 
(26). S im ila r comments were made by Aikens e t al (2).
Fowler (53) commented that as compared with other types o f  laboratory 
course, however, t ra d i t io n a l courses are lo g is t ic a l ly  simple to 
organise: "Cookbook laboratories have a compelling lo g ic : everyone
knows exactly what to do". He adds tha t more open courses are more 
demanding in  terms o f the pedagogical expertise required o f  the 
in s tru c to rs . A s im ila r  point is  made by Ogborn (121, Sec. 9 .6 ).
Bradshaw (20) in 1955<commented tha t supervision o f engineering 
laboratory work is- generally unpopular and is  normally l e f t  to the young 
demonstrator. Jennings (79) e igh t years la te r  made a s im i la r  comment 
adding tha t an impression o f the unimportance o f laboratory work is  
conveyed to the student leading to unresponsive a tt itudes towards 
laboratory work.
In a department where supervision o f  laboratory work was unpopular, 
t ra d i t io n a l courses would have the advantage fo r  s ta f f  o f being less 
demanding.
2.2 .2 .1 .4  'C ircus' laboratories
The references below are re lated to courses where there are a number o f
experiments available fo r  students to do in any order. These are often 
referred to as 'c irc u s ' labora tories. Richards (138) pointed out tha t 
' in  the education o f engineers "set-piece" laboratory work is  centered 
upon items o f hardware which are expensive and d i f f i c u l t  to u t i l i s e  
fu l l y .  Two consequences fo l lo w ; f i r s t l y  in an e f f o r t  to improve 
u t i l i s a t io n  s ta f f  are tempted to use the set-piece in the same way 
year a f te r  year to give every student experience o f using the hardware. 
Secondly, a pool o f h ighly s k i l le d  technician s ta f f  is  used uncreatively 
to commission and service equipment. The s k i l le d  man becomes bored and 
i f  he is  replaced by one o f lower ca lib re  innovation may become 
im possib le .'
Black and Whitworth (12) c r i t ic is e d  circus laboratories fo r :
(1) the lack o f  coherent development in  the sequence o f 
experiments performed by the students;
(2) the im p o ss ib i l i ty  o f a timely re la t ion  between the laboratory 
and the theory courses;
(3) the d i f f i c u l t y  o f fo llow ing the progress o f  ind iv idua l students 
(p a r t ic u la r ly  in large classes) and hence providing close 
personal supervision; and
(4) s ta f f  often not knowing or being sympathetic with the aims o f 
the experiments.
They do however have some advantages:
(1) in a circus arrangement, ind iv idua l experiments can be modified
or replaced so tha t the process o f change can be continuous or 
gradual;
(2) the system allows some choice to students in the experiments tha t 
they can perform;
(3) students are able to work a t th e i r  own pace.
2.2.2.2 Open or problem solving laboratory courses
In the N u ff ie ld  Newsletter No 3 (118) i t  was pointed out th a t the change 
in emphasis in aims from areas A and B to areas C and D was accompanied 
by the development o f more open sty les o f laboratory work. I t  appears 
tha t in order to produce chemists with the a b i l i t ie s  to take up many 
diverse careers not only in chemistry (113) and in order to educate 
through chemistry rather than in chemistry (97), a lte rna t ive  methods of 
teaching to the t ra d i t io n a l are f e l t  to be more appropriate.
The s h i f t  in emphasis to more open sty les o f laboratory work has also 
re flec ted  changes in other parts o f the education system. Many 
students when s ta r t in g  a degree course in  Chemistry have p r io r  
experience o f  h e u r is t ic  p ractica l work and are therefore qu ick ly  
discouraged by the c losely structured t ra d i t io n a l laboratory sty les 
(118, 119). In add it ion , p ro ject work has become f i rm ly  established 
p a r t ic u la r ly  in the f in a l  year o f science degree courses and in some 
departments i t  is  f e l t  important to prepare the students fo r  p ro jec t 
work by giv ing them some experience o f  open laboratory work in 
e a r l ie r  years (31).
Many o f  the papers in the l i te ra tu re  describing open and problem 
solving sty les o f laboratory work are w r it te n  by members o f  academic 
s ta f f  who feel tha t they have successfully established courses o f  th is  
type in th e i r  departments. The papers must therefore be considered to 
be a biased sample o f  open sty les o f  laboratory work. On the whole
only successful courses are reported. In addition disadvantages o f 
open sty les o f  laboratory work are ra re ly  reported and i t  is often 
d i f f i c u l t  to discern whether a course has been successful because o f 
the p a r t ic u la r  laboratory s ty le  used or because o f the enthusiasm o f 
the members of s ta f f .  I t  would be in te res ting  to f in d  out i f  the courses 
reported below were s t i l l  so successful a f te r  the member o f  s ta f f  who 
promoted the course had handed i t  over to other members o f s t a f f  to 
organise and when the students ceased to be an experimental group 
(Hawthorne e f fe c t ) . *
2.2.2.2.1 Courses surveyed 
Table 2.1 l i s t s  the open or problem solving course surveyed below:
TABLE 2.1
Author Referenee 
Number
Year of 
Course
Subject Area Country 
where course 
is  run
Sources o f 
Datal
Bette ridge 10 2 Inorg Chem U.K. -
Bobbitt et 
al 2 Org Chem U.S.A. -
Chisholm 32
i
1 Org Chem U.S.A. Student questionnai re
Dronsfield 43 - Org Chem U.S.A. (c o n t . . .
1. Discussion with an author (confidentia l source) o f  a paper
described in th is  section, revealed tha t a f te r  2 years o f running 
the open laboratory course he had relinquished control over the 
course, th ink ing tha t i t  was well established, but the course was 
i n i t i a l l y  modified to include more t ra d it io n a l experiments along 
with the open experiments and then, a f te r  a fu r th e r year i t  was 
changed back to a completely t ra d it io n a l form. The main reasons fo r  
the changes seem to have been tha t the s ta f f  taking over the course 
did not wish to become as involved in the course as was demanded by 
the open s ty le  and because they disagreed with the author over the 
aims o f the course: they f e l t  tha t the course should be designed to 
put more emphasis on the teaching o f  basic p ractica l s k i l l s .
One wonders how many o f the open courses described in the l i te ra tu re  
have suffered a s im ila r  fa te .
TABLE 2.1 cont
Author Reference
Number
Year o f 
Course
Subject Area Country 
Where 
Course is  
Run
Sources o f  
Data^
Field 51 1 (and 
part 2)
Inorg Chem U.K. -
Fowler 53 - Physics U.S.A. -
Haake e t al 62 1 Chemistry U.S.A. -
Hoare 70 1 General Chem Austra lia StudentQuestionnaire
Kovacic 90 1 Org Chem U.S.A. -
MacDuffie
Nechamkin
Nugent
P a r le tt
99
115
120
128
1
1
1
Inorg Chem
General Chem 
Org Chem 
E le c tr ica l Eng
Ceylon
U.S.A.
U.S.A.
U.S.A.
Student
Questionnaire
Independent
Evaluator
Pearson et al 130 1 Org/Inorg Chem U.S.A. StudentQuestionnaire
Richards
SiIberman 
e t al
138 
149
1
2
Mech Eng 
Org Chem
U.K.
U.S.A.
Independent
Evaluator
Venkatacherlam 
e t al 170 - General Chem U.S.A. -
2.2 .2 .2 .2  Aims
One o f the main reasons fo r  introducing open or problem solv ing courses 
has been to t r y  to achieve d i f fe re n t  aims from those which i t  was f e l t  
could be achieved by tra d i t io n a l courses. Although in many courses 
(10, 43, 13, 115, 62, 70) i t  was s t i l l  considered important th a t a 
course should teach basic s k i l l s  and techniques, s ta f f  wanted to 
achieve additional aims: S ta f f  wanted to place more emphasis on
1. i . e .  sources o f  data other than the subjective opinions o f  the 
author.
on students achieving aims in  areas C and D:
Area C
e.g. (1) to learn how to plan experiments (99, 90);
(2) to solve problems through experimental work (120);
(3) to get to know what i t  is  l ik e  to do research (43, 90).
Area D
A number o f a t t i tu d in a l  aims are im p l ic i t  in the courses described and 
were occasionally stated e x p l ic i t l y :
e.g. (1) to involve students in the course (99, 10, 128);
(2) to stimulate the students' in te re s t  (10, 70, 90, 115, 128,
130, 149):
(3) to encourage students to use th e i r  i n i t i a t i v e  (10, 62, 70, 
128, 149, 17);
(4) to encourage students to th ink independently (32, 62).
A number o f  course organisers also required students to make more use 
o f the l ib ra ry  (32, 90, 99, 115, 120, 17, 149, 62) and to carry out a 
l i te ra tu re  search.
2 .2 .2 .2 .3  Organisation
(a) Type o f experiments
The s ty le  o f open laboratory courses varies considerably: Some courses 
s ta r t  with t ra d i t io n a l experiments, which are e ith e r  re la ted to the 
lecture courses or are designed to teach spe c if ic  laboratory s k i l l s  
and techniques, and then f in is h  with short open or p ro jec t s ty le  
experiments (62, 90, 115, 149). A va r ia t ion  on th is  is  the course 
described by Venkatachelam e t al (170) which consists o f  experiments 
made up o f 2 parts: F i r s t  students learn basic chemical p r in c ip les
and laboratory s k i l l s  by means o f reading, discussion, 'cookbook' 
experiments, calcu lations and the experimental write-up and then they 
tackle the open part o f the experiment.
Pearson et al (130) describes a course also consisting o f  2 parts.
F i r s t  students do a number o f experiments, where the amount o f  openness 
is  l im ited  and only involves modifying ex is t ing  ins truc t ions  fo r  
experiments. A fte r  th is  students do a f ive  week p ro jec t.^
Other courses consist o f a series o f  open unstructured set experiments 
in which the students have some choice o f experimental methods (10, 32, 
43, 51, 53, 99, 120, 138). As is  pointed out by Fowler (53) the 
essence o f th is  type o f course is  tha t the student is  given the 
impression o f openness when tack ling  the p ractica l problem although in 
r e a l i t y  the number o f  options open to him to choose may be very 
l im ite d .
F in a l ly ,  in some courses p a r t ic u la r ly  in  the U.S.A. each students does
2
one pro jec t s ty le  experiment which is  usually chosen from a number 
which are ou tlined by the s ta f f  each year. None o f the p ro jec t s ty le  
experiments included in th is  survey exceeded one semester in  length 
(70, 128, 17).
In some courses(e.g. 149) students had to choose and design th e i r  own 
experiments whereas usually they had a choice o f prespecified
1. See also u n it  laboratories in Section 2.2.4.2
2. These pro jec t s ty le  experiments d i f f e r  from the projects described 
in Section 2.2 .2 .3  in  the s ty le  o f supervision, students do these 
experiments in  the laboratory in a class, in th e i r  openness and 
usually in th e i r  length, being on the whole somewhat shorter.
experiments. In such courses ( i . e .  149) students had to submit plans 
fo r  th e i r  experiments before they started the practica l work.
(b) S ta ff ing
Those authors who comment about s ta f f in g  in open types o f laboratory 
courses ind ica te  th a t th is  type o f course makes extra demands on s ta f f  
in two ways: more s ta f f  are needed and the ro le o f s ta f f  in the
laboratory becomes more demanding necessitating the use o f  more 
experienced s ta f f  or demonstrators.
Four authors give s ta f f in g  ra t io s .  Betteridge (10) had a student: 
s t a f f  ra t io  o f 11:1, Silbeman e t al (149) o f  10:1, Chisholm (32) had a 
student to in s tru c to r  ra t io  o f  12:1 and Richards (138) f e l t  tha t the 
ideal student to s ta f f  ra t io  would be 8:1 when students were working 
in pa irs , although i t  would be possible to cope with a ra t io  o f  15:1 
i f  students worked in t r io s .^
A number o f  s ta f f  (17, 32, 51, 149) stated that'more staff/demonstrators 
were needed than in  a t ra d i t io n a l course and Nugent (120) said th a t th is  
type o f course made large demands on both fa cu lty  and l ib ra ry  s ta f f .  
Nechamkin (115) said tha t " laboratory periods are best taught by 
facu lty  members assisted perhaps, by senior students. This helps to 
raise the laboratory meeting from the u n ju s t i f ie d  low level in  which 
they so often are found when laboratory in s tru c t io n  is  done by 
graduate students, the least q u a l i f ie d  o f fa cu lty  personnel e tc ."
I t  is  pointed out by Richards (138) and Ogborn (121) tha t the teacher's
1. c . f .  8.8:1 in 2nd year open courses in survey, Section 3.3.3.2.1
role in an open laboratory course is  d i f fe re n t  from his his ro le in 
a t ra d it io n a l laboratory. He has to stimulate the students by asking 
them the r ig h t  questions a t the r ig h t  time: Students should be guided
by discussion ra ther than d idac tic  in s tru c t io n .  As Fowler (53) puts 
i t ,  "the divergent laboratory s ty le  changes . . .  the teaching 
ass is tants ' . . .  ro le from d r i l l  sergeant to guide." Richards goes on 
to say tha t "the character and effectiveness o f  the course are t o ta l l y  
dependent on the s ty le  and q u a l i ty  o f  supervision". In developing an 
open course there was no pool o f  teaching experience in  open courses 
and i t  was found necessary to gradually introduce s ta f f  to th is  method 
o f teaching over a number o f  years.
P a r le t t  (128) noticed s im ila r  d i f f i c u l t i e s  in  the course he 
evaluated. Some o f the teaching assistants seemed unable to adapt to 
th e i r  new ro le . Some teaching assistants adopted a very 
au tho rita r ian  stance and seemed to see th e ir  ro le as one o f an 
assessor as opposed to other teaching assistants who were f r ie n d ly  and 
helpfu l to the students.
Brooks e t al (23) describe a short course fo r  graduate laboratory 
ins truc to rs  which would be helpful fo r  t ra in in g  demonstrators to 
undertake th e ir  ro le in the laboratory.
Richards (138) also pointed out tha t i t  is  important to have 
laboratory technicians who are sympathetic to the aims o f the course 
and Betteridge (10) commented tha t an open course tends to make more 
demands on technicians because what the students w i l l  do is  to some 
extent unpredictable.
(c) Methods o f learning p ractica l s k i l l s  and techniques
One problem with open courses is  tha t students tend to be doing 
d i f fe re n t  experiments at the same time and i t  therefore becomes more 
d i f f i c u l t  to teach the necessary p ractica l s k i l l s  and techniques. This 
problem is  overcome in  a number o f ways. In some course (149, 90, 62, 
115, 170) students are able to learn the p ractica l s k i l l s  and 
techniques in  an e a r l ie r  part o f  the course which has a more 
t ra d i t io n a l or structured s ty le .
In some courses (10, 120) the s k i l l s  and techniques were taught in  
tu to r ia ls  or lectures plus discussion sessions which ran concurrently 
w ith the laboratory course. Richards (138) used a short lecture 
course to acquaint students with methods o f  analysing and reporting 
th e ir  resu lts .
Other methods used fo r  teaching p rac tica l s k i l l s  and techniques were 
videotaped demonstrations (10) and handouts containing the necessary 
manipulative de ta ils  (51). Reid and Arsenau (137) suggest tha t open 
laboratories can be enhanced by using audio visual aids in  the form o f 
previewing s l ides , f i lm  loops and videotapes. These audiovisual 
materials reduce the need fo r  much ind iv idua l a tten t io n , allowing 
s ta f f  to help students in other waysJ
(d) Assessment
The aims which are emphasised in open courses tend to be more in 
areas C and D (see Section 2 .2 .2 .2 .2 ) . The assessment o f  the students,
1. The use o f videotapes in the laboratory is discussed more f u l l y  in 
Chapter 5.
however, was usually based on w r it te n  reports but in some courses 
other methods o f assessment were used. Some members o f  s ta f f  
ac tua lly  observed the students a t work in the laboratory (138, 51) 
whereas others questioned the students about the experiments in oral 
sessions (90, 10, 51).
Bobbitt (17) pointed out tha t "because o f the numerous aspects o f the 
work which are beyond your control and the high level o f  i n i t i a t i v e  
required grading o f the course is  very d i f f i c u l t " .
2 .2 .2 .2 .4  Reactions to Open Courses
(a) Student reactions
The m ajority  o f authors reported favourable student reactions.
Students found the courses in te res t in g  (10, 32, 51, 62, 70, 130, 138, 
149), l iked  the greater sense o f involvement (51, 99, 128), l ike d  to 
be able to organise (128) and choose (149) th e i r  own experiments and 
enjoyed making greater use o f  chemical instrumentation (32). In th is  
type o f  open course the prac tica l work seems more re levant to the 
students' work as chemists (43, 99) or e le c tr ic a l  engineers (128).
In P a r le t t 's  study (128) students found tha t in  doing 'p ro je c ts ' 
they drew on th e i r  previous knowledge and tha t the 'p ro je c t '  in tegrates 
d i f fe re n t  areas o f  course work. Both P a r le t t  (128) and Silberman (149) 
reported tha t students l iked  to be able to work a t th e i r  own pace; 
they could work when and as much as they l iked .
A number o f negative student reactions are reported. F ie ld (51) and 
P a r le t t  (128) noticed tha t some students concentrated on th e i r  open or
or p ro jec t work to the detriment o f other work. Silberman e t  al (149) 
also commented tha t the open course tended to involve more work.
One problem tha t occurs in th is  kind o f course is  tha t some students, 
especia lly  weaker students, have problems in  se lecting su itab le  
experiments (32) and tha t they may become lo s t  and bewildered during 
the f i r s t  few sessions o f the course (10, 115). Betteridge (10) made 
e f fo r ts  to rap id ly  id e n t i fy  and help the weaker students and in 
Nechamkin's course (115) students had to present a bi-weekly progress 
report which must have helped s ta f f  to deal w ith th is  problem.
Dronsfie ld (43) also recognised the problem: "We noted tha t the
occurrence o f disappointing experiences increased as the ca lib re  o f  
students decreased." This problem, however, was avoided by allowing 
only the best students to do a four week p ro jec t near the end o f the 
course.
Betteridge (10) commented tha t the problem o f experiments 'no t working' 
ceases to e x is t  in th is  kind o f course: Students are encouraged to
investigate the problem. On the other hand Dronsfield (43) saw the 
fac t tha t success cannot be guaranteed as problematic and leading to 
student f ru s t ra t io n .  Betteridge makes a systematic e f f o r t  to avoid 
th is  kind o f f ru s tra t io n  by encouraging feedback from the students 
about the experiments so tha t the poorer ones can be elim inated.
Chisholm (32) suggested "more rigorous guidelines are required to help 
the students overcome the bewilderment o f the f i r s t  few weeks". (He 
also noted tha t students had d i f f i c u l t i e s  with the treatment o f  data 
and presentation o f laboratory notebooks and reports .)
This problem was overcome by Venkatachelam e t al (170) by introducing 
the students to the experiments by an i n i t i a l l y  more tra d i t io n a l 
experiment and then by guiding the students in  the open pa rt o f the 
experiments with prin ted open-ended questions.
A fu r th e r  problem noticed by P a r le t t  (128) was tha t students were 
unw il l ing  to discuss th e i r  experiments with other students because they 
were a fra id  o f revealing th e i r  ignorance about what they were doing. 
Quite the opposite e f fe c t  was noted by MacDuffie (99) where "students 
sometimes had quite l i v e ly  discussions amongst themselves in the 
planning stage". F ie ld (51) also reports l i v e ly  discussion amongst 
students during seminars.
(b) S ta f f  Reactions
The s ta f f  reactions to open laboratory courses was reported to have 
been favourable in  4 courses (32, 90, 115, 120). I t  appears tha t 
favourable s ta f f  a tt itudes  are essential fo r  the successful running o f  
th is  kind o f  course (see Section 2.2 .2 .2 .3b).
2 .2 .2 .2 .5  Costs
I t  has alsready been pointed out tha t open laboratories tend to be more 
costly  in terms o f s ta f f  time.
Five authors commented on the cost o f materials fo r . th is  type o f  course. 
Three o f these (115, 120, 138) found the open courses to be cheaper 
than the tra d i t io n a l ones which they replaced. This appears to be 
because more emphasis was placed on students designing experiments fo r  
themselves, ra ther than on learning how to use expensive pieces o f
cij u i pmt; 11 o. me lwu uuner Luuibeb were mure expensive  tnan xne craoicional 
ones which they had replaced. In one case th is  was because o f the heavy 
use made o f instruments which could lead to break down and costly  repairs (17, 32).
2.2 .2 .2 .6  Other Factors
In papers about both t ra d i t io n a l and open courses there is  l i t t l e ,  i f  any, 
comment o f the e ffec ts  o f d i f fe re n t  ways o f organising courses w ith in  the 
overall laboratory s ty les . For example, non o f the papers compare the 
e ffec ts  o f having students working in d iv id u a l ly  or in pairs and few 
papers comment on the use o f groups o f students in p ractica l work.
2.2.2.3 Project Work
I t  is  apparent from the l i te ra tu re  tha t pro ject work is  popular and well 
in s t i tu t io n a l is e d .  For example, Chambers (30) points out tha t "there is  
no doubt tha t p ro jec t work arouses the in te re s t and enthusiasm of 
students fa r  more e f fe c t iv e ly  than set experiments. On the other hand, 
the more t ra d i t io n a l kinds o f laboratory work tha t generally predominate 
in the f i r s t  2 years of degree courses are less popular (see Sections
2.2.2.1 and 3 .3 .3 .2 .1 ) .  I t  was therefore decided to concentrate th is  
thesis on the f i r s t  two years o f Chemistry Laboratory Courses ra ther 
than on the f in a l  year. This survey of the l i te ra tu re  o f p ro jec t work is  
therefore confined to a review of a few recent papers about p ro jec t work.
2.2.2.3.1 Aims
In 1969 Jones (81) reported on the e ff icacy  o f chemistry degree courses 
as a preparation fo r  work in industry and outlined a number o f d e f ic ie n c ie s  
in current degree courses, i . e .  in report w r i t in g ,  verbal d e live ry , 
l i te ra tu re  searching, s ta t is t ic a l  analysis, p ro jec t planning and costing:
2 .1 .4 .1 . ) .  Amongst the suggested remedies fo r  degree courses was a 
recommendation to include more pro ject work.
The N uffie ld  Group fo r  Research and Innovation in Higher Education (118) points 
out tha t p ro jec t work is  becoming increasing more important as the s h i f t  
towards aims in areas C, D and E continues. Hewton (69) points to two 
broad areas of aims which projects are used to achieve. His f i r s t  group 
corresponds to aims in areas A and B and those aims in area C which might 
" loosely be termed as 'sub ject re lated a im s'." His second group corresponds 
to aims in areas D and E and other aims in area C ( i . e .  more generalisable 
s k i l l s ) .  He states that "although subject re lated aims may s t i l l  
predominate" ( i .e .  areas A,Band part of C), "p a r t ic u la r ly  in  some science and 
engineering courses, there is  evidence of agrowing trend which lays more 
emphasis on the broader educational and social aims" ( i . e .  areas D, E and part o f C.)
Some aims which have been suggested as being important in projects are 
included in Section 2.1 .4 .2 . I t  can be seen tha t the emphasis l ie s  
strongly in areas C, D and E.
2.2 .2 .3 .2  Organisation o f projects
In most u n ive rs it ies  p ro jec t work is  confined to the f in a l  year, a 
notable exception being the 'degree by thes is ' in Molecular Science a t 
Sussex Univers ity  (45, 106), where p ro jec t work lasts fo r  7 terms.
Typical methods of organising pro ject work are described below:
Several months before students s ta r t  th e i r  p ro jec ts , they are able to 
choose one from a l i s t  o f projects generated by the s ta f f  (69, 106, 30,
171, 41, 102). Students work in the research laboratories (106, 171) 
or sometimes in separate 'p ro jec t la b o ra to r ie s ‘ (102). Each student
is  supervised by one member of s ta f f  with a second member o f s ta f f  
ava ilab le fo r  extra help i f  needed. Each student discusses the pro jec t 
w ith his supervisor and decides what he w i l l  do (106, 102). In some 
ins t i tu t ions  he may be involved in the ordering and making o f equipment (102)
Projects vary in length. In many in s t i tu t io n s  pro ject work comprises 
a l l  or a large part o f f in a l  year laboratory work (102, 171, 41).
At the end of the experimental work each student is  required to w rite  
a report o f his work (30, 102, 41). In most in s t i tu t io n s  the students 
are assessed by th e ir  supervisors and by a second member o f s ta f f  
w ith in  the department. Within a department s ta f f  members are often 
fa m il ia r  with a number of projects thus ensuring comparable standards 
(69, 106, 102, 119, 171). External examiners are also used to 
va lida te  the in te rna l stadards (41). The c r i t e r ia  on which projects 
are assessed vary. Types of c r i te r ia  often used are "experimental 
design, the planning o f time and resources, the experimental 
technique, the analysis o f data, the presentation o f re su lts ,  and 
what might be called the 'forward lo o k ',  tha t is  the a b i l i t y  to see 
where the p ro jec t is  leading and to make suggestions fo r  fu r th e r  
work" (119). Other q u a l i t ie s  considered are resourcefulness, creative 
th ink ing , perseverance, in i t i a t i v e  and where appropriate, a b i l i t y  to 
work in a team (119)".
Assessment o f  these q u a l i t ie s  is  made on the basis o f the report (30, 
102, 41) and accompanying orals (102). In some in s t i tu t io n s  continuous 
assessment o f a student's progress is  also used (128, 69, 106). Methods 
o f continuous assessment include the use o f log books, essays, 
l i te ra tu re  surveys, and observation (106).
2 .2 . 2 .3 .3  Problems w i th  P ro je c t  Work
(a) One reservation about projects has been tha t they lead to over­
spec ia lisa t ion  (30, 69). Where a p ro jec t occupies the whole o f  the
f in a l  year, s k i l l s ,  techniques and i l l u s t r a t i v e  experiments which 
would previously have been taught in  the f in a l  year e ith e r  have to be 
f i t t e d  in to  e a r l ie r  years or omitted.
In the 'degree by thes is ' a t Sussex (106) th is  problem was recognised 
at the outset and students were provided with a core curriculum which 
had to be studied.
(b) Another problem is tha t students must be s u f f ic ie n t ly  prepared 
fo r  p ro jec t work (121). Hewton (69) states that "some teachers . . .
perceive pro jec t work as not an iso la ted a c t iv i t y ,  but as the
coalescence o f several aspects o f  the course which have been 
de libe ra te ly  created and directed with th is  end in  view". For example 
one motivation fo r  introducing open work in second year laboratory 
courses is  to prepare students fo r  the openness o f p ro jec t work.
At Sussex (106) students found i t  d i f f i c u l t  to cope with the greater 
freedom given to them in  both th e i r  learning a c i t iv i te s ,  which 
involved l i t t l e  formal s tructure and required a substantia l degree o f  
i n i t i a t i v e  and independence, and in  the organisation o f th e i r  learning 
environment, which was re la t iv e ly  ins truc tu red . Also too l i t t l e  
guidance was given about the nature o f degree by th e i r  coursework.
A fte r  the f i r s t  year o f  running the degree by thesis i t  was therefore 
found necessary to provide students with more structure and support.
This was provided " in  terms o f suggested programmes o f work as well as 
a greater degree o f discussion, advice and feedback from the students' 
advisors. Students would develop report w r i t in g  techniques through 
termly research reports". I t  was also found tha t there were times when 
the research seemed to be making l i t t l e  progress and a t these times 
"supervisors played an important ro le in being sensitive  to the 
students' progress and d i f f i c u l t i e s " .
(c) Hewton (69) mentions tha t f ind ing suitable projects can be a 
problem and Mansell (102) points out tha t in some projects the 
supervisor has not thought s u f f ic ie n t ly  about the sophisticated 
apparatus needed. This can lead to students needing an excessive 
amount o f help when using the apparatus and to considerable delays 
waiting fo r  the apparatus to be b u i l t  in the workshop. S im ilar 
comments are made by Ogborn (121).
(d) Mansell (102) points to the central ro le o f  technicians in  the 
success o f p ro jects . He says tha t "an important aspect is  tha t the 
technicians understand the aims o f the .pro jects  and in a real sense are 
involved in the learning process going on in  the labora tory".
He also points out tha t the technicians serve both the departments 
research a c t iv i t ie s  and student pro jects . This means tha t sometimes 
research work is  slowed down, but th is  problem was not serious.
(e) Courtis (35), a student on the degree by thesis course a t Sussex, 
says tha t projects are d i f f i c u l t  to corre late with the lecture course. 
On the other hand Waddington (171) comments tha t students " f in d  the 
chemistry ' f i t t i n g  in to  place' as they apply chemical p r inc ip les  which
were unrelated in th e i r  minds before."
( f )  Courtis (35) also commented tha t students tend to become too 
involved in p ro jec t work to the detriment o f  other aspects o f  th e i r  
l ives  and Downie (41) and Ogborn (121) pointed to the need to sometimes 
curb students' enthusiasm so tha t students see th e i r  p ro jec t work in 
the correct perspective with other work.
(g) Another problem with projects is  tha t they t r y  to fo s te r  
q u a l i t ie s  which have not previously been included in  courses; q u a l i t ie s  
which are less easy to define precise ly such as c re a t iv i ty ,  
in d iv id u a l i ty  etc (see Section 2 .1 .4 .2 ). This has meant tha t new 
methods o f  assessment have had to be developed (see Section 2 .2 .2 .3 .2 ) .  
Mansell (102) found tha t because new methods o f  assessment were being 
used students only seemed to have the vaguest idea o f what was being 
assessed. Black e t al (119) suggest tha t "there may be value in 
exploring a 'con trac t o f expectation' with a student a t the s ta r t  o f
a p ro jec t. Supervisor and student can discuss the stages through 
which a p ro jec t is  expected to pass and the c r i te r ia  tha t w i l l  be used 
to assess the stages".
Harding (66) carried out a survey o f  p ro jec t work in  three science and 
technology departments and concluded tha t the necessity fo r  the 
assessment o f projects had an overrid ing e f fe c t  on the p ro jec t as a 
learning s itu a t io n . The i n i t i a l  phases o f s c ie n t i f i c  method, 
i . e .  1) id e n t i f ic a t io n  and recognition o f  a problem; 2) construction 
o f a hypothesis and creative in c l in a t io n ;  3) deduction o f an 
experiment to te s t  tha t hypothesis, were ra re ly  undertaken by students 
because to quote one o f his respondents 'the student would get very
l i t t l e  done'. The student would not have a product ava ilab le to be 
assessed.
The work the students do carry out is  also influenced by assessment.
For example, students ra re ly  work in pairs because o f  the 
d i f f i c u l t i e s  th is  would cause fo r  assessment. Harding also maintains 
tha t "the pressure o f  grading, the need to produce a product, is  bound 
to reduce the chances o f  students being faced with decision-making 
since both students and fa cu lty  w i l l  be concerned to l im i t  the 
experience to y ie ld  a su itab le  product".
(h) Downie (41) comments tha t projects involve the s ta f f  in  extra 
work but says tha t there are no shortages o f  l i s t s  o f projects 
submitted to the students because lecturers enjoy supervising them.
2.2 .2 .3 .4  Overall reactions
In sp ite  o f these problems the overa ll reactions o f  both s ta f f  and 
students, reported in the l i te ra tu r e ,  are overwhelmingly favourable. 
Waddington (171) comments on the enthusiasm o f students fo r  p ro jec t 
work. He goes on to say, "Many o f us ( i . e .  the academic s ta f f )  f in d
the projects a most enjoyable experience We have the pleasure o f
seeing students working beyond th e ir  own expectations and in seeing 
them appreciate chemistry in a fresh perspective and find ing  a real 
sense o f achievement."
Chambers (30) and Downie (41) also found tha t projects aroused students1 
in te re s t .  This was born out by the evaluations o f  students' opinions 
carried out by Mansell (102) and Mathias (106) and by opinions
collected by Ogborn (121). Courtis (35) thought tha t the 'degree by 
thesis'produced o r ig ina l th ink ing , i n i t i a t i v e  and independence and was 
a good preparation fo r  a PhD student and Mathias (106) found that 
students thought tha t the ‘ degree by thes is ' course provided a be tte r 
and tru e r  re f le c t io n  o f a student's a b i l i t y  and potentia l than the 
tra d i t io n a l course.
Mansell (102) reports tha t "the technicians noted a marked increase in 
the m aturity and confidence on the part o f the students which they 
ascribed to the experience o f tack ling  and overcoming the design and 
experimental problems in  p ro jec ts". He also reports tha t in interviews 
students said tha t they f e l t  " th a t they were experiencing a r e a l - l i f e  
s itu a t io n  in physics, learning what research was l ik e ,  troubleshooting, 
having re sp o n s ib i l i ty  fo r  organising both th e i r  time and available 
resources."
In conclusion i t  appears tha t the openness o f  projects has led to a 
number o f problems (Section 2 .2 .2 .3 .3  a, b, d, e, f ,  g, h) but i t  is  
th is  openness which is  the essential feature o f p ro jec t work which 
students enjoy and which leads to the achievement o f  many aims in 
areas C and D (Section 2 .2 .2 .3 .1)
2.2.3 A lte rna tive  ways o f organising t ra d i t io n a l courses, open 
courses and pro jec t work.
Within the sty les o f laboratory courses described in the preceding 
sections a number o f  d i f fe re n t  teaching methods and ways o f  
organising the laboratory are used. This section deals w ith the 
in tegra tion  o f laboratory and lecture courses, the use o f group 
experiments, the use o f  audio-visual aids and computers and the e ffec ts
o f in s tru c to rs ' personal teaching s ty les .
2.2.3.1 In tegration o f Laboratory and Lecture Courses
The in tegra tion  o f laboratory and lecture courses is  d i f f i c u l t .  As a 
re su lt  few papers have appeared describing such courses.
B arre tt and Blake (6) describe a course in which laboratory and 
lecture courses were integrated. 'The guiding theme in  constructing 
the course was tha t at every po in t in  the development o f  the subject 
the most appropriate teaching a c t iv i t y  would be used.1 The course was 
a short one and i t  was found necessary to re-timetable the course in to  
two complete days. This was longer than the previous time a l loca t ion  
fo r  the lectures and laboratory work fo r  the course. The methods o f  
teaching used included l iv e  demonstrations, t ra d i t io n a l quan t ita t ive  
experiments, problem solving and discussion groups: a conscious
e f f o r t  was made to break down the passive ro le o f the students.
In addition to the extra time devoted to the course the student to 
s ta f f  ra t io  o f  8:1 was much more favourable 'than in circus 
laboratories where the ra t io  is  closer to 25:1 or 12.5:1 i f  research 
student demonstrators are used.
The students who did th is  course achieved a mean mark o f  18% above 
tha t o f  a comparable control group doing the conventional course, in  
problem types o f  questions. Students l iked  the integrated course 
because they were able to use fresh ly  generated results  in both lec tu re  
theatre and laboratory. They also l iked  the greater degree o f 
involvement due to the less passive.ro le o f the students, and the 
generally higher level o f in te re s t which had resulted.
I t  is  not c lear from th is  study whether the improvement in  both 
student learning and a tt itudes  is  due to the increased time given to 
the course, the improved student to s ta f f  ra t io s ,  the problem-solving 
nature o f the course or to the in tegra tion  o f theory and p ra c t ic a l .
I t  is  c lea r, however, tha t in order to achieve an in tegra tion  o f 
theory and practica l work, a complete reorganisation o f  both the time­
table and teaching methods was needed: On a longer course in teg ra tion
o f theory and practica l work would be more d i f f i c u l t  to achieve.
2.2.3.2 Use o f group work in  the laboratory
Students usually work in  groups under the supervision o f a member o f  
s ta f f .  The group meets at the beginning o f  the experiment and i t  is  
decided what each student should do. At the end o f the experiment the 
group meets again in order to discuss the resu lts  and conclusions o f the 
experiments a f te r  which the students are required to w r ite  an account 
o f th e i r  own work and tha t o f the group (51, 6, 50, 11).
Group experiments have been used:
(1) as a method o f generating data more rap id ly  (6) and in  order to 
fa m il ia r is e  students, in d ire c t ly  through the group 
experience, with a wide range o f apparatus and techniques (11,
51);
(2) in  order to promote accurate recording o f observations and 
conclusions and to promote communication and discussion amongst 
members o f the group (11, 51). F ie ld (51) found tha t in  
seminars oral contribu tions o f students s tarted o f f  very 
he s itan t ly  but rap id ly  improved as a re su lt  o f  ruthless c r i t ic is m
by student peers. He found the powerful motivators o f  students 
were th e i r  e f fo r ts  to t r y  to avoid losing esteem amongst th e i r  
peers.
Student reactions to group work were favourable in  three o f the four 
courses (51, 6 , 11). F ie ld (51) and Ogborn (121) report tha t the 
students enjoyed the greater involvement. Biersmith e t al (11) report 
tha t students appreciated the rapid generation o f  resu lts . They also 
l ike d  the security  afforded by the group; there were other people 
with whom to share the successes and fa i lu re s  o f  the experiments and 
there were always other people to turn to i f  help was needed.
Biersmith e t al (11) also report a d i f fe re n t ia l  e f fe c t  o f  the 
achievement o f students in  a w r i t te n  examination on the p rac tica l 
work. Poorer students benefitted from working in groups w h i ls t  
be tte r  students did worse than when working in d iv id u a l ly .
Some problems with working in groups were reported by Biersmith e t  al
(11): some students had d i f f i c u l t i e s  ge tting  on w ith other students in  
the group. Fentem (50) reports tha t s ta f f  and students were 
unenthusiastic about the course. This perhaps stems from the size 
o f the groups, i . e .  12 per group, which must have made informal 
discussions more d i f f i c u l t  than in other courses. The only course 
with comparably sized groups was tha t o f  B arre tt and Blake (6 ) ,  but in  
th is  course discussions appear to have been l im ited  to drawing 
together the resu lts  o f d i f fe re n t  experiments and were lead and c lose ly  
guided by s ta f f .  In Fentem1s course (50) the emphasis was much more on 
students presenting and defending th e i r  resu lts  and conclusions.
In summary, groups appear to be useful fo r  the rapid generation o f  
re su lts ,  fa m il ia r is in g  students with a wide range o f  laboratory 
techniques and apparatus, fo r  promoting s k i l l s  in report w r i t in g  and 
oral communication and fo r  promoting discussion which is p a r t ic u la r ly  
benefic ia l to the understanding o f weaker students.
2.2 .3.3 Use o f  Audio-Visual Aids and Computers in
the Laboratory
Audio-visual aids have been used in the laboratory to introduce 
experiments (74,137), to teach basic p ractica l s k i l l s  and techniques 
and in order to completely replace experiments (36). Computers have 
been used to replace the tu to r ia l  ro le o f  teachers and also to 
completely replace experiments (137, 5, 38, 110, 85).
2.2.3.3.1 Use o f audio-visual aids and computers to 
supplement laboratory ins tru c t io n
An example o f  the use o f audiovisual aids to supplement laboratory 
in s tru c t io n  is  the use o f videotapes fo r  teaching p rac tica l s k i l l s  and 
techniques. Videotapes have been introduced fo r  a number o f  reasons:
(1) To save s ta f f  and demonstrator time so tha t they can give more 
ind iv idua l a tten tion  to students (22, 76, 137, 144, 150, 172).
(2) To produce demonstrations o f  a be tte r q u a l i ty  than those which 
they are replacing (10, 74, 127, 172, 150) because they are more 
ca re fu l ly  prepared. Howland (74) points out tha t when 
demonstrators are required to give a demonstration repeatedly the
q u a l i ty  o f the demonstration tends to f a l l .  I t  is  also 
pointed out by Betteridge (.10), Simpson (.150) and Howland (74) 
tha t the camera is  able to focus on small de ta ils  tha t are 
d i f f i c u l t  to see in a l iv e  demonstration.
(3) To o f fe r  a service to the students tha t is  more f le x ib le ;
students are able to see videotapes when and as often as they 
wish (22, 75, 76, 150, 172).
Kempa and Palmer (85) have shown tha t videotapes are superior to 
w r it te n  ins truc t ion  fo r  teaching p ractica l s k i l l s  and in  a recent 
systematic study o f  s ta f f  and student opinions (172), i t  was found tha t 
both s ta f f  and students judged videotapes to be an e ffe c t ive  medium o f 
ins tru c t io n  fo r  p ractica l s k i l l s  and techniques. I t  was also found 
tha t videotapes which are produced in one in s t i tu t io n  can be used in 
another, thus opening up p o s s ib i l i t ie s  o f more cos t-e ffec t ive  use o f 
videotapes.
Computers have also been used to supplement laboratory in s tru c t io n ,  
using them to revise theore tica l material re lated to experiments (4) 
and using them in a tu to r ia l  mode (5, 38, 4, 111). For example, in  the 
Calchem programme in the U.K. (5) computers are used to guide students 
in the planning and evaluation o f an experiment, emphasis being 
on the decisions made in  se tt ing  up a viable laboratory experiment.
They are also used to ass is t in the in te rp re ta t io n  o f spectra and 
in problem solving.
2.2 .3 .3 .2  Use o f audio-visual aids and computers to 
replace laboratory experiments
Coyle and Servant (36) describe the use o f f i lm  to replace laboratory 
experiments. The students were shown fi lm s describing a research p ro jec t 
about the preparation o f compounds o f the in e r t  gases. They then 
discussed i t  in small groups, were shown the f i lm  again and made notes 
o f apparatus, reaction conditions etc and then wrote up the 
experiment. The students were thus able to see the s c ie n t i f i c  method 
in  use and to c r i t ic s e  the p ractica l exercises. The emphasis o f  th is  
'p ra c t ica l work' was therefore sh if ted  from actual p ractica l 
preparative work to s c ie n t i f ic  method and c r i t i c a l  understanding.
Computer simulations have been used to replace laboratory experiments 
(5, 38, 110, 154, 4). Snadden and Runquist (154) po int out tha t 
simulated experiments d ire c t  the emphasis away from teaching 
manipulative s k i l l s  towards the manipulation o f data and allow students 
to vary the experimental parameters beyond the physical time l im i ts  o f  
the laboratory. The computer also makes i t  possible fo r  the students 
to pa rt ic ipa te  in the planning and design stage o f  the experiment, 
time is  saved, experiments do not have to be performed in  the 
laboratory, thus saving laboratory space and f i n a l l y  experiments do not 
have to be done during the laboratory time and can therefore be more 
closely integrated in to  the theory course.
2.2 .3.4 Personal Teaching Styles
Few studies-have been reported o f the e f fe c t  o f an ins truc to rs  personal 
teaching s ty le  in the laboratory. Uricheck (169) has studied, by means 
o f observation using the Flander's system o f in te rac tion  ana lys is , the
e ffe c t  o f d ire c t  and in d ire c t  teacher influence on students working in 
the laboratory. He found that students performed best in  w r it te n  
examinations and performance tests i f  they were allowed more freedom 
( in d ire c t  influence) in the f i r s t  h a l f  o f the course followed by more 
d ire c t  in s tru c t io n  in  the second h a l f  o f the course. He thought tha t 
the i n i t i a l  freedom to discover and c la r i f y  learning goals decreased 
students dependence on the teacher and developed in them the habit o f 
th ink ing through the problem on th e i r  own in i t i a t i v e .
2.2.4 A lte rna tive  Laboratory Styles
2.2.4.1 A lte rnatives to t ra d i t io n a l laboratory courses
A small number o f papers have been w r it te n  describing courses which 
attempt to achieve s im ila r  aims to t ra d it io n a l courses i . e .  aims 
mainly in areas A, B and parts o f C.
2.2.4.1.1 The au d io - tu to r ia l approach
The aud io - tu to r ia l approach is  an ind iv idua lised  system o f  in s tru c t io n  
in which students are guided through an integrated sequence o f 
theore tica l and practica l work by means o f audio-tapes. This approach 
was f i r s t  introduced by Postlethwait (134) in 1961 fo r  a biology course 
and s im ila r  approaches have since been reported in  microbiology (40) 
and biochemistry (58). Postlethwait claimed tha t using the audio­
tu to r ia l  approach be tte r ins truc t ion  could be given with equal or fewer 
s ta f f  and less space than with conventional courses, costs were 
reduced fo r  equivalent levels o f in s truc t ion s , grades and student 
in te re s t increased at a l l  leve ls , there were more opportun ities fo r  
s ta ff-s tuden t contact, the students were able to engage in  an enquiry
approach and students o f varying a b i l i t ie s  were catered fo r .
2.2 .4.1 .2 The Ke lle r Plan
The Ke lle r Plan is  another method o f ind iv idua lised  learning. The 
course work is  broken down in to  units containing de ta ils  o f the 
objectives o f  the units and de ta ils  o f the work to be done. When the 
student thinks he has achieved the objectives o f the u n it  he takes a 
te s t and i f  he passes proceeds to the next u n it .  I f  he fa i l s  he has to 
spend more time studying the u n it  and then takes another te s t .
Laboratory courses possessing most o f  the features o f the K e lle r Plan 
have been described in  the l i te ra tu re  (148, 27) but l i t t l e  information 
is  included describing the effectiveness, the advantages or the 
problems o f these courses.
2 .2 .4 .1 .3  Self-serv ice laboratories
The 'labora tory  l ib ra r y '  and 'c o r r id o r  laboratory ' have already been 
mentioned in Section 2.2.1 (Fowler, 53).
On the basis o f the M.I.T. 'corridor laboratory ' a 's e l f -s e rv ic e ' 
laboratory course was designed a t the Univers ity  o f Surrey (131). A 
group o f  10 short experiments orientated to teach sp e c if ic  aims, were 
designed to take an hour each to complete and were streamlined so tha t 
no setting-up or adjusting o f apparatus was required. The experimental 
sc r ip ts  were programmed and spaces were l e f t  fo r  resu lts  so th a t no 
w rit ing -up  was necessary.
Responses to a questionnaire indicated tha t the students generally 
approved o f the streamlining o f experiments, they liked the 
s truc tu r ing  o f the experimental sc r ip ts  and the feature o f no w rit ing -up  
and they f e l t  tha t th e i r  time was used e f f ic ie n t ly .
2.2.4.2 Unit Laboratories
A u n it  laboratory is  a system of in s tru c t io n  in the laboratory which is  
f le x ib le  and can be used to achieve aims normally achieved in 
t ra d i t io n a l labo ra to r ies , open laboratories and to a l im ite d  extent 
pro jects .
Black and Whitworth (12) describe a u n it  laboratory as having the 
fo llow ing features:
(1) The body o f students on the course is  divided in to  smaller
groups, each passing from one u n it  to another as the year
proceeds.
(2) In each u n it  laboratory, a teacher is  given sole re s p o n s ib i l i ty  
fo r  looking a f te r  the small groups o f students fo r  a few weeks, 
during which time he is  free to arrange th e i r  work in the laboratory 
in  the way he judges is  best.
(3) His laboratory w i l l  be connected with a spe c if ic  theme and he
must consider the educational aims tha t can be reached in  an
experimental study of tha t theme and the patterns o f goals and 
a c t iv i t ie s  which w i l l  help his student group to a t ta in  them.
The u n it  laboratory is  thus based on the concept o f a member o f  s t a f f
providing an integrated coherent learning sequence about a p a r t ic u la r  
theme. Black and Whitworth in an evaluation o f  the u n it  laboratories 
reported very favourable s ta f f  and student reactions. Davies and 
Penton (37) also evaluated a u n it  laboratory. They found student reactions 
to be overwhelmingly favourable. The two most common reasons fo r  l ik in g  
the laboratory course were:
(1) the fee ling  that they were ac tua lly  understanding and learning 
the material presented.
(2) the in tegra tion  o f theory with p ra c t ica l.  Many students appreciate 
the opportunity to immediately apply newly lea rn t theore tica l 
knowledge in a p ractica l s itua t ion  and to construct immediately 
useful theore tica l models from the data. Ogborn (121, Section 6.5) 
points out tha t the sequential nature o f work w ith in  a u n it
means tha t students are studying the same work at the same time 
and so group discussions can be used to enhance understanding o f 
the theory.
One drawback reported by Black and Whitworth (12) was tha t more s ta f f  
were needed fo r  teaching (a student to s ta f f  ra t io  o f  about 12:1).
Davies and Penton, however, showed tha t postgraduate demonstrators 
could be used on such a course as well as academic s ta f f ,  thus reducing 
the load on academic s ta f f .  In a la te r  report o f th is  course Ogborn (121, 
Section 6.5) states tha t the whole o f th is  course is  now run by post­
graduate demonstrators and tha t the u n it  laboratory is  now seen much 
more as 'a convenient organisational method fo r  making proper use o f 
graduate demonstrators and providing them with an exce llen t opportun ity 
to do some good teaching1.
Ogborn (121, Section 8.4) points out tha t u n it  laboratories are be tte r 
suited to large departments where there w i l l  be s u f f ic ie n t  numbers o f 
students fo r  i t  to be worthwhile developing the un its ,  but warns about 
the dangers o f s ta f f  becoming bored i f  they are required to teach the 
same u n it ,  year a f te r  year.
2.2.5 Some Conclusions
As a re su lt  o f the 1 i te ra tu re  survey i t  was decided not to study p ro jec t 
work.
I t  can be seen from a study o f d i f fe re n t  laboratory sty les in  the 
l i te ra tu re  survey tha t many important aspects o f laboratory courses in  
current use remain undocumented. None o f the papers surveyed 
includes a study o f the e f fe c t  o f using pairs in the laboratory and . 
there is  l i t t l e  information about the use o f groups. Most o f the papers 
are concerned with t ra d it io n a l or open laboratory courses in  which 
students work in d iv id u a l ly  and which are generally not c lose ly 
integrated with the theore tica l courses. The papers about t ra d i t io n a l  
courses are mainly c r i t i c a l  whereas papers about open courses tend to 
l im i t  themselves to the advantages o f such courses.
In order to t r y  to increase the educational effectiveness o f  the use o f  
labo ra to r ie s , I therefore f e l t  tha t two kinds o f information would 
ass is t course organisers in  choosing appropriate methods o f in s tru c t io n  
in the laboratory and in modifying ex is t ing  methods o f  in s tru c t io n :
F i r s t ly ,  basic general information about what goes on in undergraduate 
chemistry laboratories throughout the U.K. should be sought: information
such as the extent to which t ra d i t io n a l and open courses are used, what 
they are used fo r ,  the extent to which groups and pairs are used, 
s ta f f in g  ra t io s ,  e tc . This would enable course organisers to compare 
courses which they run with other courses and to have access to basic 
information about a lte rna t ive  methods o f organising laboratory courses.
Secondly, detailed information about d i f fe re n t  sty les o f courses, what 
they were try in g  to achieve, how they went about achieving the aims and 
the factors tha t were important in in fluencing the educational 
effectiveness or otherwise o f d i f fe re n t  sty les o f courses, should be 
sought. This would give course organisers in s ig h t in to  laboratory 
courses and would suggest methods o f  improving them.
The areas in  which the research could concentrate were very wide since 
l i t t l e  information was available about many aspects o f laboratory work.
The next section in th is  chapter surveys methods o f evaluation which 
were f e l t  appropriate fo r  gathering th is  type o f  information.
2.3 Research Strategies
Isaac and Michael (77) describe four types o f  education research:
(1) descrip tive research
(2) true experimental research
(3) quasi-experimental research
(4 ) action research.
Descriptive research includes 'survey s tu d ie s '.  The purposes o f  these
"(a) To c o l le c t  deta iled factual information tha t describes ex is t ing
phenomena.
(b) To id e n t i fy  problems or ju s t i f y  current conditions and practices.
(c) To make comparisons and evaluations.
(d) To determine what others are doing with s im ila r  problems or
s itua tions  and bene fit  from th e i r  experience in  making fu ture 
plans and decisions."
These purposes coincide with the f i r s t  type o f  information to be sought 
about undergraduate chemistry labora to ries , mentioned in  the previous 
section. (Section 2 .2 .5 ). For th is  reason i t  was decided to carry 
out a survey o f  undergraduate chemistry laboratory courses throughout 
the U.K. (see Chapter 3).
True experimental^ and quasi-experimental reseach (also described by 
Borg and Gall (18) emphasise pre-specify ing the objectives o f teaching, 
rigorous management o f experimental variables and conditions e i th e r  by 
d ire c t  manipulation or by randomisation (the control o f  variables is  
less rigorous in quasi-experimental research), the use o f control 
groups and the administering o f  tests which would measure the levels 
o f achievement o f the various objectives.
Pace (126) thinks tha t these methods o f research are su itab le  when the 
u n it  to be evaluated is  a small u n i t ;  small in s ize , l im ited  in  scope
l.This research design is  called 'pre-ord inate evaluation' by Stake (159) 
and the a g r icu ltu ra l botany model by P a r le t t  and Hamilton (129).
and short in time, such as a ha lf-hour f i lm ,  a spec if ic  u n it  o f 
in s tru c t io n  in  a s ingle course, a p a r t ic u la r  method o f  teaching, or a
programmed te x t .
I t  was decided tha t these types o f research were unsuitable fo r  the 
present study because:
(1) The aims and objectives o f laboratory courses are generally 
i l l - d e f in e d .  Before the experimental research design can 
be used i t  is  necessary to discover the aims o f laboratory 
courses and break them down in to  behavioural ob jectives.
The survey described in  Chapter 3 is  designed to e l i c i t  
the aims o f laboratory courses as the f i r s t  step towards 
s ta t ing  laboratory objectives in  behavioural terms.
(2) Too l i t t l e  is  known about the teaching and learning 
s itua t ions . Many important factors a ffec t ing  teaching and 
learning in the laboratory have not been explored. Before 
manipulation o f  variables can commence they must be 
elucidated.
(3) The lack o f information about teaching and learning in  the 
laboratory also precludes se tt ing  up a pre-specified 
research plan. An approach which is  exploratory and can 
be moulded to pursue issues as they emerge, is  needed.
(4) Undergraduate laboratory courses usually contain re la t iv e ly  
small numbers o f students which makes the use o f contro l 
groups, which would have s ig n i f ic a n t  numbers o f students, 
very d i f f i c u l t .
When the u n it  to be evaluated is large, complex and or long duration, 
such as a school system or a to ta l in s t i tu t io n a l  programme Pace (126) 
maintains tha t:
(1) the treatment (u n it  to be evaluated) 'cannot be c le a r ly  and 
e x p l ic i t l y  defined because i t  is  not in  fa c t a un ita ry  
phenomenon but i s ,  instead, made up o f many units in te r ­
acting with one another in  varied ways and having varied 
purposes;
(2) gross differences between treatment can sometimes be found
and compared, but control groups in  the usual experimental
sense do not e x is t ;
(3) random assignment o f subjects to treatments is  impossible 
except occasionally in  some small segment or l im ite d  part 
o f the treatment;
(4) treatments constantly undergo change1.
'Under these conditions, re levant evaluation:
(1) must consider a broad range o f  educational and social 
consequences;
(2) should never be l im ited  or confined to the stated objectives 
or intended e ffec ts  o f the programme or treatment;
(3) should look fo r  but may not always f in d  contrasting
conditions in  natural settings fo r  comparative analys is;
(4) Must employ complex m u lt iva r ia te  method o f t re a t in g  data'.
Of the four a lte rna t ive  methods o f research proposed by Isaac and 
Michael (77) th is  is  closest to action research which is  described as 
"p rac tica l and d ire c t ly  relevant to an actual s itua t ion  in  the working 
world". " I t  provides an orderly  framework fo r  problem-solving and new 
developments tha t is  superior to the im press ion is tic , fragmentary 
approach tha t otherwise ty p i f ie s  developments in education. I t  also is  
empirical in the sense tha t i t  re l ie s  on actual observations and 
behavioural data, and does not f a l l  back on subjective committee 
"studies" or opinions o f  people based on past experience." I t  is  
" f le x ib le  and adaptive, allowing changes during the t r i a l  period and 
s a c r i f ic in g  control in favour o f  responsiveness and on-the-spot 
experimentation and innovation."
The next two sub-sections examine research stra teg ies tha t are su itab le  
fo r  gathering the type o f information described in Pace's (126) large 
scale studies. They include a number o f c lose ly re lated research 
paradigms variously described as i l lu m in a t ive  evaluation, 
anthropo lig ica l evaluation, f ie ld  research and p a rt ic ip a n t observation.
2.3.1 I l lum ina tive  Evaluation - The Theory
2.3.1.1 Overall Philosophy
P a r le t t  and Hamilton (129) have described the advantages o f i l lu m in a t iv e  
evaluation over t ra d i t io n a l evaluation, i . e .  experimental research 
described in the previous section. I l lum ina tive  evaluation as well as 
examining ins truc t iona l systems also considers the wider contexts or
‘ m i l ie u 1 in which the programme functions. The learning m ilieu is 
affected by and a ffects  the ins truc t iona l system, e.g. the learning 
m ilieu  has an e f fe c t  on the a tt itudes  o f s ta f f  and students which may 
a f fe c t  th e i r  reactions to the ins truc t ion a l system. Snyder (155) 
describes the over-r id ing  e ffec ts  o f the learning m ilieu on which 
students study and why. P a r le t t  and Hamilton (129) state tha t 
i l lu m in a t ive  evaluation is  a research strategy tha t aims to be 
adaptable to the s itu a t io n  being studied. The methods used are 
defined by the problem being studied. No method is  used 
exclusive ly or in is o la t io n ;  d i f fe re n t  techniques are combined to 
throw l ig h t  on a common problem.
Schatzman and Strauss (146) describe a s im ila r  approach: The researcher
'sees any method o f inqu iry  as a system o f s tra teg ies and operations 
designed, a t any time, fo r  getting answers to certa in  questions 
about events which in te re s t  him*. P a r le tt  and Hamilton (129) ou t l ine  
three stages in  i l lu m in a t ive  evaluation: (1) observe
(2) inquire fu r th e r
(3) seek to explain
In the f i r s t  stage the evaluator becomes knowledgeable about the scheme. 
At the second stage questioning is  more focussed. The th i rd  stage 
consists o f seeking general p r inc ip les  underlying the organisation o f  
the programme; spotting patterns o f cause and e f fe c t  w ith in  i t s  
operation and placing ind iv idua l findings w ith in  a broad 
explanatory context.
P a r le t t  and Hamilton (129) point out tha t as an evaluation moves from 
the exploratory observations to fu r the r in q u ir ie s ,  i t  focusses 
progressively on important issues, thus narrowing the width o f the
study. This allows the evaluation to study important issues in  depth, 
thus giving a greater understanding o f them.
Brophy et al (24) emphasise the need to define the ‘ c r i t i c a l  audiences' 
fo r  the evaluation and the types o f information tha t they would desire. 
They state tha t before the evaluation ‘ the evaluator and c l ie n t  should 
be able to define those variables which they believe have an important 
influence on the spe c if ic  s itua t ion  being evaluated' but add tha t as 
the evaluation proceeds the re la t ive  importance o f the variables may 
s h i f t  and new variables may be delineated. Once the important 
variables have been id e n t i f ie d  the evaluator is  able to decide l i k e ly  
sources o f information and what evaluation tools to use.
Becher (9) proposes a s im ila r  model o f investiga tion  divided in to  
four stages:
(1) the selection and d e f in i t io n  o f problems, concepts and 
indices;
(2) the check on the frequency and d is t r ib u t io n  o f phenomena;
(3) the incorporation o f in i  d iv idual find ings in to  a model o f  
the organisation.
(4) presentation o f evidence and proof.
(1) In the f i r s t  stage the researcher notes tha t 'a certa in event occurred 
once, or tha t two phenomena were observed to be re lated in  one instance; 
the conclusion says nothing about the frequency or d is t r ib u t io n  o f  the 
observed phenomenon!. The researcher uses his data ' to  speculate about 
p o s s ib i l i t ie s ,  to make provisional hypotheses'..
Smith and Pohland (152) emphasise that i t  is  important at the beginning 
o f an inves tiga tion  to make an ’ i n i t i a l  problem statement' but tha t 
during the inves tiga tion  the problems w i l l  evolve and be redefined.
They suggest that previous research could be used to help define the 
i n i t i a l  problem statement.
(2) In the second stage the researcher attempts to quantify  the data 
although the exigencies o f the f ie ld  s itu a t io n  sometimes l im i t  th is .
This is  s im ila r  to P a r le t t  and Hamilton's second stage where the 
researcher attempts to delve deeper in to  a p a r t ic u la r  area o f  in te re s t .
(3) In the th i rd  stage the researcher constructs a theore tica l model 
and 'seeks greater accuracy by successively re f in in g  the model in the 
l ig h t  o f  new evidence. (This is  s im ila r  to P a r le t t  and Hamilton's
th ird  stage.)
(4) Becker adds a valuable fourth stage o f f in a l  analysis and 
presentation o f resu lts . 'The f in a l  systematic analysis carried on 
a f te r  the f ie ld  work is  completed, consists o f  rechecking and
rebuild ing models as ca re fu l ly  and with as many safeguards as the data
w i l l  allow. For instance, in checking the accuracy o f statements about 
the frequency and d is t r ib u t io n  o f events, the researcher can index and 
arrange his material so tha t every item o f information is  accessible
and taken account o f in assessing the accuracy o f any given
conclusion.'
Webb e t al (173) and P a r le tt  and Hamilton (129) emphasise the concept 
o f ' t r ia n g u la t io n ' ,  cross-checking data from a number o f sources.
Smith and Pohland (152) have extended th is  concept in  order to a ss is t i n ’
more generalisable theory bu ild ing . As well as using a number o f 
d i f fe re n t  methods o f obtaining information from a wide va r ie ty  o f 
people and sources, they examine a d iv e rs i ty  o f variables in a number 
o f d i f fe re n t  s itua t ions . The de libera te  widening o f the number o f  
variables and s itua tions  enables theories to be explored in  a number 
o f d i f fe re n t  se tt ings.
Kemmis (84A) describes how an understanding o f  a programme is  
gained by observing the programme and developing priva te theories 
about 'emergent themes'. The programme is observed using ins igh ts  
found useful in past s itua tions  and observation categories such as 
Stake's matrix (Fig. 2.1) or check l i s t s  such as those suggested by 
Brophy e t al (24) and modifying these to f i t  the present s i tu a t io n .
' In  a short time one has a view o f some s t a b i l i t y ,  the re s u lt  o f 
emergence o f s ig n if ic a n t  features as they are drawn out by the 
observation categories one brings to bear on the s i tu a t io n . '  The 
in tegra tion  o f these s ig n if ic a n t  features may produce a crude 'theory ' 
o f the s i tu a t io n . '  These ten ta tive  'the o r ie s ' are evolved fu r th e r  by 
discussing them with the partic ipan ts  and obtaining fu r th e r  re levant 
information.
2.3.1.2 Data co l lec t ion
P a r le tt  and Hamilton (129) suggest the fo llow ing methods o f  data 
co l lec t io n : observation, in terviews, questionnaires and tests and 
f in a l l y  examination o f documentary and background sources. Smith and 
Pohland (152) use s im ila r  sources but put more emphasis on keeping 
f ie ld  notes o f  observations and in te rp re ta t io ns .
  x . — , — ..imvi »/s i^ i y.  l. . i j wfiicn indicates
the areas in  which he feels evaluators should c o l le c t  information.
Stake distinguishes 3 types o f data: antecedents, transactions and 
outcome data.
‘An antecedent is  any condition ex is t ing  p r io r  to teaching and 
learning which may re la te  to outcomes' e.g. a student's aptitude or 
previous experience.'
'Transactions are the countless encounters o f  students w ith teacher, 
student w ith student, author with reader, parent w ith counsellor - the 
succession o f  engagements which comprise the process o f education.'
Outcomes include 'a b i l i t i e s ,  achievements, a t t i tu d e s , and asp irations 
o f students resu lt ing  from an educational experience. Outcomes, as a 
body o f information would include measurements o f the impact o f 
in s tru c t io n  on teachers, administrators, counsellors and o th e rs '.
Antecedents, transactions and outcomes are included in both a 
descrip tive and judgment matrix. The descrip tive matrix includes 
what was intended to happen ( in ten ts ) and what ac tua lly  did happen 
(observations). 'Judgmental statements are c la s s if ie d  e i th e r  as 
general standards o f q u a l i ty  or as judgments sp e c if ic  to a given 
programme.'
Within the descrip tive matrix the evaluator should look fo r  
contingencies between antecedents, transactions and outcomes and fo r  
congruence, or lack o f i t ,  between in tents  and observations (see 
Fig. 2.2) .
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Figure 2.2 Descriptive Matrix
in me sense tna t evaluation is  the search fo r  re la tionsh ips tha t 
permit the improvement o f education, the eva luator's  task is  one o f 
id e n t i fy in g  outcomes tha t are contingent upon p a r t ic u la r  antecedent 
conditions and in s truc t ion a l transactions . . .  Whenever in tents  are 
evaluated the contingency c r i te r io n  is  one o f log ic  . . .  Evaluation o f 
observation contingencies depends on empirical evidence.1
The evaluator should also examine the reasons fo r  and the e ffec ts  o f 
non-congruence between ' In te n ts '  and 'Observations'.
As well as co llec t ing  information fo r  the descrip tive matrix an 
evaluator can obtain information about the standards tha t ind iv idua ls  
use as a basis fo r  judging the ins truc t ion a l programmes. These 
standards 'vary from student to student, from in s tru c to r  to in s tru c to r  
and from reference group to reference group'. Stake (157) states ' th a t  
to understand education one needs to understand what people expect 
from education'. Judgment data such as 'personal value commitments, 
educational aims, goals, ob jectives, p r io r i t ie s ,  perceived norms and 
standards' help to explain ' in te n ts '  and 'observations '. For example, 
'the evaluator should consider not only how education objectives 
manifest themselves in teaching and learning, but also how these 
objectives embody the aspirations and discontents o f the people 
in v o lv e d '.
I t  is  emphasised by Stake (156) tha t in a single evaluation i t  would be 
impossible to co l le c t  data fo r  a l l  the boxes in the matrix. Scriven 
(147) argues tha t i t  is  the eva luator's re s p o n s ib i l i ty  to make judgments 
about the worth o f a programme whereas Stake (156) suggests the 
a lte rna t ive  o f gathering o b jec t ive ly ,  independently o f the eva luato r 's
opinions, the opinions or judgments o f 'persons o f special 
q u a l i f i c a t io n ' .
Kemmis (84A) feels tha t i t  is  s u f f ic ie n t  fo r  an evaluator to furn ish 
a ' representation' or a 'surrogate experience' o f  an ins truc t ion a l 
programme. 'Once furnished with an adequate representation o f the 
programme . . .  c l ien ts  or audiences . . .  may be able to formulate th e i r  
own judgments of i t s  worth. In such a s i tu a t io n ,  the audience o f the 
'e v a lu a t io n 'w i l l  be the real eva luators.'
Kemmis (84A) states tha t there are two sorts o f s itu a t io n  in which such 
representations w i l l  be p a r t ic u la r ly  useful: 'When an in terested
audience cannot d i re c t ly  experience the programme and cannot 
accurately judge i t  w ithout some surrogate experience 'o f  i t ' ,  or 
when partic ipan ts  are too c losely involved with the programme to be able 
to step back from i t  and see i t  in perspective.
Stake (159) describes how decisions are made about the kinds o f 
information to be co llected. He advocates the concept o f  responsive 
evaluation. 'An educational evaluation is  responsive evaluation:
(1) i f  i t  o r ients more d ire c t ly  to programme a c t iv i t ie s  than to 
programme in te n ts ,
(2) i f  i t  responds to audience requirements fo r  information and
(3) i f  the d i f fe re n t  value-perspectives o f the people a t hand 
are referred to in  reporting the success and fa i lu re s  o f 
the programme.'
The evaluation should therefore concentrate on issues a r is ing  out o f  a 
study o f the programme's a c t iv i t ie s  and the issues which w i l l  be o f  most 
assistance to members o f the audience in th e i r  decision making capac it ies .
Scriven (147) proposes the terms 'fo rm ative ' and 'summative' evaluation 
to d is tingu ish  evaluations which c o l le c t  d i f fe re n t  types o f information. 
Formative evaluations supply information which is  useful in the 
development o f an ins truc t ion a l programme whereas summative evaluations 
c o l le c t  information which is  su itab le  fo r  making comparisons and 
judgments with respect to a lte rna tive  ins truc t ion  programmes. Stake (158) 
develops the d is t in c t io n  between formative and summative evaluation by 
defin ing them in  terms o f u t i l i t y .  He points out tha t formative 
evaluations are appropriate to programme developers whereas summative 
evaluations are appropriate to programme c l ie n ts .
2 .3 .1 .3  Report w r i t in g
The f in a l  stage o f the evaluation is  f ind ing  a suitable way o f 
portraying the programme and the eva luator's  understanding o f i t  to the 
respective audiences. (Emphasised by Brophy e t at (24), Stake (159), 
and P a r le tt  and Hamilton (129)). Kemmis (84A) recognises tha t judgments 
are made by the evaluator in the choice o f observation categories and 
'emergent themes' but unlike Scriven (147) feels tha t the evaluator 
should simply portray the programme leaving the audience to judge i t s  
worth and ex trac t information relevant to th e ir  decision making needs.
S im ila r ly  Smith and Pohland (152) emphasise a descrip tive account. They 
feel tha t (1) in  order fo r  theories to be generated from the data a 
'thorough going descrip tive account' is  necessary. (2) 'The u t i l i s a t io n  
o f theory fo r  the solu tion o f p ractica l problems in education is  very 
important. In order to be able to generalise " theor ies ' tha t have been 
generated one needs to know the context out o f which the concepts came.
(3) 'When an inves tiga to r begins his. work, he does not know the f u l l  
range o f ' th e o re t ic a l ly  relevant concepts'. He must therefore i n i t i a l l y  
cover a wide area to enable him to concentrate on th e o re t ic a l ly  relevant 
concepts la t e r . '  (4) Careful description o f a study enables i t  to be 
integrated more eas ily  with data from other studies. Smith and Pohland 
(152) l ik e  Kemmis (84A) c o l le c t  formative information but they also 
emphasise the generation o f ' th e o r ie s '.  They state tha t ' theo r ies ' 
generated in  such studies tend to be o f l im ited  g e n e ra l is a b i l i ty  but 
w i l l  be good hypotheses fo r  tes t ing  in other s itua t ions . Although 
Smith and Pohland (152) feel tha t i t  is  important to w r ite  a 
descrip tive report in an in te res ting  and luc id  s ty le ,  because o f the 
summative aspects o f  th e i r  work they tend to be w r i t in g  fo r  a less 
closely defined audience than Kemmis (84A).
The presentation o f the resu lts  in  a form which w i l l  allow the reader 
to check th e ir  v a l id i t y  is  a problem which Becker (9) suggests can be 
overcome by presenting the evidence as i t  came to the a tten tion  o f  the 
observer during the successive stages o f his conceptualisation o f the 
problem and by presenting the inferences and conclusions drawn from the 
data.
Schatzmann and Strauss (145) point out th a t the communication and 
discussion o f  reports can help to establish the v a l id i t y  o f f ind ings .
The researcher can te s t major propositions against the experience and 
understanding o f his host and o f other researchers. D if fe ren t 
researchers looking from d if fe re n t  perspectives may bu ild  up d i f fe re n t  
conceptual frameworks but these should not con trad ic t but supplement or 
complement the findings o f  the research.
In th is  thesis formative and summative information has been sought. The
emphasis is  on portraying laboratory courses and gaining a greater 
ins igh t o f them so that course organisers w i l l  be able to judge the 
worth o f d i f fe re n t  types o f  laboratory courses fo r  d i f fe re n t  purposes.
2.3.2 I l lum ina tive  Evaluation - The Practice
Il lum in a t ive  evaluation requires methods o f data gathering which w i l l  
enable the evaluator to id e n t i fy  and define the issues in a course 
which have an important e f fe c t  on the success or otherwise o f the 
course and to explore new issues as they emerge. In an i l lu m in a t iv e  
evaluation the amount o f information tha t can be collected is  extremely 
large but resources are always l im ite d . Decisions, the fore, have to be 
made about the methods, or combination o f methods, o f data co l lec t io n  
which w i l l  y ie ld  the most relevant and re l ia b le  data. This section 
examines d i f fe re n t  methods o f data co lle c t io n .
The methods o f  data co l lec t ion  have been divided by P a r le tt  and 
Hamilton (129) in to  four areas.
(1) Questionnaires and te s t data
(2) Interviews
(3) Observation
(4) Documentary and background information
2.3.2.1 Questionnaires and Test Data
Oppenheim (124) describes a wide range o f questionnaires ranging from 
'c losed' questionnaires with a choice o f f ixed  responses, to 
questionnaires which include 'open' questions which allow respondents 
to express themselves in th e ir  own words.
Closed questions have the advantages tha t they are easier and quicker 
to answer and q u an t if ica t ion  o f data is  stra ightforward: More questions
can therefore be included in the questionnaire.
Closed questions have the disadvantage o f loss o f spontaneity and the 
possible in troduction  o f bias by forcing respondents to choose a 
p a r t ic u la r  a lte rn a t ive . Closed questions are cruder than open questions 
in  tha t there is  no opportunity to probe and i t  is  possible to lose 
rapport with the respondents i f  they feel tha t the choice does not do 
ju s t ic e  to th e i r  own ideas.
Three types o f questionnaire have been used in the present study:
(1) Questionnaires designed to e l i c i t  spe c if ic  information about 
prespecified areas o f in te re s t .
(2) Questionnaires used fo r  i n i t i a l  probing in  order to ra ise 
and examine important issues and to study them in  more depth 
as the evaluation proceeds. These questionnaires contain
a large proportion o f open questions.
(3) Questionnaires designed to obtain qu a n t if ica t io n  o f the 
q u a l i ta t iv e  opinions expressed elsewhere in  the study.^
In the f i r s t  category two types o f questionnaire have been designed 
fo r  use in undergraduate laboratory courses:
(a) aims questionnaires
(b) feedback sheets
Boud (19) modified ar-questionnaire designed by Lee (94) in order to
1. Obviously a l l  three types o f questionnaire could be used 
simultaneously.
e l i c i t  opinions of the importance o f d i f fe re n t  aims o f laboratory 
courses. A s im i la r  questionnaire has since been used by Johnstone and 
Wood (80).
Penton (131) in  his study used 'feedback sheets' (short questionnaires) 
as a means o f obtaining basic information about how well p a r t ic u la r  
experiments were running in  the laboratory so tha t the experiments 
could subsequently be improved. Knipe (87) has used s im ila r  feedback 
sheets a t the New University o f U ls te rJ
Both aims questionnaires and feedback sheets have been used in  the 
present study.
The la s t  two categories o f questionnaires described above are 
s itu a t io n  sp e c if ic  and must therefore be designed fo r  the requirements 
o f each separate course.
2.3.2.2 Interviews
Oppenheim (124) points out tha t the greatest advantage o f the in terv iew  
is  i t s  f l e x i b i l i t y .  Interviewers can make sure tha t the respondent 
has understood the question and the purpose o f the research and can 
probe and ask additional questions in  p a r t ic u la r  areas o f  in te rs t .  
Interviewers can also bu ild  up and maintain rapport w ith the respondents 
and keep the respondents interested and responsive u n t i l  the end o f the 
in terv iew.
P a r le t t  and Hamilton (129) state tha t structured interviews are 
convenient fo r  b iographica l, h is to r ic a l  and factual information while
1. See Chapter 4 fo r  an example o f a feedback sheet.
more open-ended and discursive forms are su itable fo r  less s t ra ig h t ­
forward top ics.
Kahn and Cannell (82) say tha t 'the choice between open and closed 
questions should also be guided by the probable degree o f  s truc tu r ing  
o f the respondent's opinion on or experience with the to p ic ' .  I f  the 
respondent has well thought out ideas on the top ic  closed questions may 
be su itab le  but i f  'the respondent's thoughts are less structured on 
the top ic  in question the in terv iewer must ass is t the respondent to 
reca ll order and perhaps evaluate his experience,' then open questions 
w i l l  be more appropriate. Open questions must also be used in 
exploratory studies when the researcher is  in a poor position to 
formulate closed questions to match the respondent's experience, 
vocabulary and frame o f reference. Becker (9) points out tha t 
volunteered information is a be tte r ind ica to r o f preoccupations than 
information given in response to f ixed questions.
Schatzman and Strauss (146) state th a t,  at f i r s t ,  the researcher 
should regard the data obtained from interviews as a cumulative 
experience: the content o f each in terv iew or conversation gives form
and substance to the next one. I t  may be necessary when using a 
variable in terv iew schedule such as th is ,  to return to former 
respondents i f  subsequent interviews suggest tha t the respondents were 
sources o f information not previously given.
Oppenheim (124) points out tha t 'the in terv iew s itua t ion  is ,  however, 
fraught with p o s s ib i l i t ie s  o f bias. The in terv iewer may give an 
in k l in g  o f her own opinion or expectations by her tone o f voice, the 
way in  which she reads the questions, or simply by her appearance, dress 
and accent. She may unw it t ing ly  influence the respondent by pausing
expectantly at certa in po in ts , by probing with leading questions, and 
by agreeing with the respondent in an e f fo r t  to maintain rapport. Her 
own expectations and her se lective understanding and recording o f the 
answers may produce b ia s .1
Kahn and Cannel (82) suggest tha t instead o f th ink ing about the adequacy 
o f interviews as a means o f  measurement in  terms o f face v a l id i t y ,  a 
be tte r way o f  va lida ting  them would be in terms o f convergent v a l id i t y ,  
i . e .  the comparison o f the in terv iew data with data obtained from other 
measures which have already met the tes t o f v a l id i t y .  This is  s im ila r  
to the concept o f tr ia ngu la t ion  where d i f fe re n t  measures are validated 
against one another.
Kahn and Cannel (82) also discuss the techniques and s k i l l s  o f 
interv iew ing but these w i l l  not be discussed here.
2.3.2.3 Observation
Rosenshine (142) and Borg e t  al. (18) describe 2 kinds o f observation 
instruments: category systems and ra ting  systems. Category systems can
be used to count the number o f times a p a r t ic u la r  ob jective behaviour is  
used and are generally 'low inference measures'. Rating systems can be 
used to evaluate behavioural constructs such as 'c la r i t y  o f  
presentation' in  terms o f ra ting  scales. Rating systems are high 
inference measures as the items examined lack s p e c i f ic i t y .
I t  is  pointed out by Mitzberg (112) tha t in order to be able to use 
e ith e r category systems or ra ting systems the researcher must have some 
basic understanding o f the issues under inves tiga tion . I f  observations 
were too structured i n i t i a l l y ,  th is  could lead to an in a b i l i t y  to develop
an understanding o f  th ings  about which noth ing i s  known i n i t i a l l y .
Schatzman and Strauss (146) po int out tha t i t  is  impossible to observe 
the whole f ie ld  and tha t research must therefore include some se lec tive  
sampling with respect to times observed, lo c a l i t ie s  observed, people 
observed and events observed. They suggest the use o f 'observational 
no tes ', ' th e o re t ic a l notes' and 'methodological notes' as an a lte rna t ive  
to using category and ra ting  systems:
Observational notes are statements bearing upon events experienced 
p r in c ip a l ly  by watching and l is te n in g . They contain as l i t t l e  
in te rp re ta t io n  as possible.
Theoretical notes represent self-conscious contro lled attempts to 
derive meaning from any one o f several observational notes.
A methodological note is  a statement tha t re f le c ts  an operational 
act completed or planned: an ins tru c t io n  to oneself, a reminder, a 
c r i t iq u e  o f one's own ta c t ic s .  Schatzman and Strauss's method enables 
observation to be used in preparatory work to focus in te re s t ,  even i f  
l i t t l e  is  i n i t i a l l y  known about the learning environment.
Schatzman and Strauss recommend four d i f fe re n t  modes o f p a rt ic ip a n t 
observation tha t may be used in  d i f fe re n t  stages o f  the research:
(1) Passive presence: 'The f ie ld  researcher is  present in  the 
s itu a t io n  but decides to observe passively. He does not 
enter in to  in te rac tion  with pa rt ic ipan ts  and avoids as 
much as possible obtruding himself in to  the event. ' I t  is  
suggested tha t th is  method o f observation is  su itab le  fo r
eairly stages o f the research but can be d is tu rb ing to 
the people being observed i f  maintained fo r  any length o f 
time.
(2) Limited in te ra c t io n : 'The researcher engages in  minimal
c la r i fy in g  in te rac tion  . . .  This type o f a c t iv i t y  has two 
d is t in c t  advantages: i t  gets a t meaning, and i t  meets the
expectations o f the host inso fa r as the researcher is  not 
only an observer, but is  revealed as personable and 
in te re s te d .1 : the host gains some idea o f  the 
purposes o f the research.
(3) Active contro l: As well as observing 'the researcher 
engages in  active conversation, not only posing general 
questions but provocative and challenging ones . . .  I f  
well contro lled th is  level o f pa rt ic ip a n t observation is  
very stim ula ting fo r  researcher and hosts a l i k e ' .
(4) Observer as pa rt ic ip a n t:  'The researcher is  a f u l l  
p a rt ic ip a n t in ongoing a c t iv i t ie s  while simultaneously 
his id e n t i ty  as a researcher is  f u l l y  known.1 This mode 
has the disadvantages tha t i f  the researcher's 
p a rt ic ip a to ry  a c t iv i t ie s  are especia lly  demanding o f time 
and energy then the research work w i l l  su ffe r  and tha t the 
foc i and range o f the reseacher's a tten tion  are also • 
affected.
Two factors have an important e f fe c t  on the v a l id i t y  and r e l i a b i l i t y  
o f observations (18): •
(1) The e f fe c t  o f the observer on the observed;
(2) Obseryer bias.
Schatzman and Strauss (.146) state tha t a researcher should t r y  to 
minimise the e ffec ts  o f his presence on the environment which he is  
observing and tha t the researcher should pe rs is t with his 
observations u n t i l  ' in  time his presence, evenutally seen as no 
th rea t, w i l l  become integrated and normalised1.
Borg and Gall (18) describe a number o f ways in which the opinions o f  
an observer can a f fe c t  his observations.
3.3.2.4 Documentary and background information
This includes minutes o f committee meetings, funding proposals, 
a rch itec tu ra l plans and consultants' reports (129). Such data can 
provide a h is to r ic a l  perspective o f  the educational se tt ing  being 
studied and may also ind icate areas fo r  inqu iry .
Webb e t al (173) describe a wide va r ie ty  o f 'unobtrusive measures'.
3.3.2.5 Combination o f methods of data co l lec t io n
I l lum in a tive  evaluation depends heavily on the researcher making 
in te l l ig e n t  decisions about the issues to be investigated and the methods 
o f inve s tiga tio n , as the research is  proceeding. I t  is  th is  aspect o f 
i l lu m in a t ive  evaluation tha t makes i t  a powerful tool fo r  inves tiga ting  
re la t iv e ly  unexplored areas but i t  is  an aspect o f i l lu m in a t ive  
evaluation tha t can be biased by the subjective opinions o f the 
researcher. I t  is  therefore important tha t data should be obtained 
from a var ie ty  o f sources and cross-checked ( t r ia n g u la t io n ) .
have included the use o f essay-type questions, experts' judgments, 
interviews and case-studies, judgments by friends or co-workers, 
se lf - ra t in g s  and observed overt behaviour. S im ilar methods o f 
va lida tion  are embodied in  the i l lu m in a t ive  evaluation paradigm 
described in Section 2.3.1.
C H A P T E R  3
A QUESTIONNAIRE SURVEY OF UNDERGRADUATE LABORATORY 
COURSES IN CHEMISTRY
3.1 I n t r o d u c t io n
This chapter describes a survey o f chemistry undergraduate laboratory 
teaching in un ive rs it ie s  and polytechnics in 1975.
The survey was esse n tia l ly  a fa c t  f ind ing  exercise. L i t t l e  work has 
been carried out to f in d  out what academic s ta f f  th ink chemistry 
laboratory courses are, and should be, try in g  to achieve, or to  f in d  
out how s ta f f  go about achieving th e i r  a imsJ The survey was designed 
to obtain basic information in th is  area.
I t  w i l l  be seen tha t the information obtained in the survey serves two 
main purposes:
(1) I t  provides norms with which ind iv idua l courses can be compared.
For example, i t  is  useful to know whether an ind iv idua l course 
has an exceptional student : s ta f f  ra t io .  I f  the ra t io  was very 
high and the course s t i l l  achieved i t s  aims one would be in terested 
to f ind  out why the course was more e f f ic ie n t  than others. 
Conversely, i f  the ra t io  was low one could reasonably expect i t
to be more successful than others.
(2) The information obtained is important fo r  the development o f 
laboratory courses. For example, i t  becomes c lea r, in th is  
chapter, why the use o f open or problem solving courses is  
re s tr ic te d  in spite o f the fa c t  th a t s ta f f  feel them to be 
educationally desirable.
1 The l i te ra tu re  describing the d i f fe re n t  sty les and organisation 
o f laboratory courses is  reviewed in section 3.2 and the l i te ra tu r e  
which surveys opinions about the importance o f various aims fo r  
laboratory courses is  included in section 3.3.
The main aims of the survey were therefore:
(1) To f in d  out what aims s ta f f  who organise undergraduate 
chemistry laboratory courses were try in g  to achieve.
(2) To f ind  out what aims they would l ik e  to achieve in an ideal 
s i tu a t io n .
(3) To determine the d is t r ib u t io n  of d i f fe re n t  teaching sty les in
laboratory courses at d i f fe re n t  leve ls  and to re la te  these to
the aims.
(4) To f in d  out how the d i f fe re n t  sty les of laboratory courses
are organised and what learning resources (e.g. w r i t te n  m a te r ia l,  
people) are made ava ilab le to the students.
(5) To f in d  out how chemistry laboratory courses have changed in 
recent years.
(6) To re la te  the f ind ings in (1) - (5) to one another.
3.2 A l i te ra tu re  survey o f the nature and organisation of
laboratory courses in the U.K.
This section concentrates on studies o f chemistry laboratory courses
in the U.K. Studies of physics and engineering courses are also
included fo r  comparison because of the many s im i la r i t ie s  to chemistry
courses in both aims and methods.
3.2.1 The nature o f  la b o ra to ry  courses.
3.2.1.1 The amount o f t ra d i t io n a l ,  open or p ro jec t work.
In 1966 (125) and 1972 (165) the major part o f students' time in 
chemistry laboratory courses was spent doing t ra d i t io n a l experiments 
in which they followed deta iled duplicated ins truc tions .
A s im ila r  s itu a t io n  was reported in physics courses in the U.S.A. 
by Kruglak (92A) in 1960 with 64.2% o f the time in the laboratory 
being spent on 'conventional' laboratory work, 20.6% on p a r t ly  free 
laboratory work and 1.6% on 'completely free ' laboratory work.
The Ourisson committee (1966) (125) reported tha t students s tarted to 
do some research in the labora tory, usually in the f in a l  year (19 out 
o f 21 respondents) or only a f te r  completing th e i r  B.Sc. (2 out o f 
19 respondents). The amount o f open work was l im ited  with about two 
th irds  o f the respondents sometimes encouraging the students ' to  
employ methods o f th e ir  own s t ip u la t io n ' whereas one th i rd  never used 
open work.
In 1972 Tietze (165) reported a s im ila r  s itu a t io n  in the f i r s t  two 
years o f a degree course. A ll the twelve departments v is i te d  except 
one used detailed duplicated ins truc tions  fo r  a l l  experiments. In 
one second year course only l i te ra tu re  references were given and 
students had to obtain the necessary experimental ins truc tions  from 
these. Students generally had to work through a number o f set 
experiments in a specified order in the f i r s t  year whereas in  the 
second year they usually had some freedom to choose experiments under 
guidance depending upon the a v a i la b i l i t y  o f apparatus.
The main change between 1966 and 1972 was the in troduction  o f research 
projects as the main or only p ractica l work in the f in a l  year.
The more open-ended nature o f p ractica l work was also reported by Smythe 
(1973) (153) with at least 30% o f un ive rs it ies  and 25% o f polytechnics 
o ffe r ing  open-ended experiments in the second year, and with students 
in 91% o f the un ive rs it ie s  doing pro jec t work in the f in a l  year 
(84%) and/or during the vacation (7%). Project work has also been 
introduced in e a r l ie r  years in a small number o f in s t i tu t io n s ,  e.g. New 
Univers ity  o f U lster and Univers ity  o f Sussex (Eaborn 1970) (45).
Chambers (1972) (30) reports s im ila r  changes in Physics Laboratory
courses. Between 1965 and 1972 only minor changes occurred in the f i r s t
two years o f the degree course but there had been a large increase in
the amount o f p ro jec t work in the f in a l  year. In 1965 only 5 out o f 
$
38 un ive rs ity  physics departments, as compared with 6 out o f 8 C.A.T. 
physics departments, used pro jec t work throughout the f in a l  year. In 
1972 two th irds  o f the physics departments in the U.K. followed th is  
pa tte rn .
A s im ila r  trend was reported in Lee and Carter (1972) (95) in 
E le c tr ica l Engineering. Two th ird s  o f the respondents to a le t t e r  
sent to 20 e le c tr ic a l  engineering departments reported no substantia l 
change in the patterns o f laboratory work at the f i r s t  year le v e l,  
in the recent past. Many departments, however, had introduced pro jec t 
work in the f in a l  year and in some cases in the 2nd year.
There is  c le a r ly  a trend fo r  undergraduate laboratory courses to 
include more p ro jec t types o f work, i n i t i a l l y  in the f in a l  year but
increasing ly in e a r l ie r  years too.
3.2.1.2 Content
Tietze (165) reported a va r ie ty  o f ways o f organising the content 
o f the f i r s t  year. Four out o f the 12 in s t i tu t io n s  ran a Common
F irs t  Year course with chemistry as one section o f i t .  Others 
had prelim inary courses fo r  2 or 3 terms followed by an Honours 
course tha t runs fo r  f iv e  or s ix  terms while the remaining departments 
have courses in the 3 main branches o f chemistry. In 3 o f  the pre­
lim inary courses there was some in tegra tion  between the d i f fe re n t  
branches o f chemistry.
In the second year there are courses in each o f the three branches 
o f chemistry in  a l l  departments usually followed by projects in the 
f in a l  year.
Tietze summarises the s tructure o f the degree courses as shown in 
Table 3.1.
TABLE 3.1 
ORGANISATION OF LABORATORY WORK
1st year Common course including TOO hrs. chem. lab.
or Preliminary course with 100 hrs. chem. lab.
or 60-100 hrs. chem. lab. fo r  each branch e ith e r  
consecutively or concurrently.
2nd year 60-100 hrs. chem. lab. fo r  each branch 
e ith e r consecutively or concurrently.
3rd year as 2nd year
or variable time fo r  research pro jects.
3 .2 .1 .3  Report w r i t i n g  and assessment
In 1966 Ourisson (125) a f u l l  report was required on each experiment 
in 19 out o f 25 departments. In addition in 24 out o f the 25 
departments there were compulsory p ractica l examinations.
A very s im ila r  s itua t ion  existed in Physics (29A) in 1964 with about 
80% of the departments requiring a f u l l  report on each experiment, and with 
the fu r th e r  20% requiring f u l l  reports on about a th i rd  o f the experiments. 
In physics, however, only about one quarter o f the departments held 
compulsory p ractica l examinations in any one year o f a course.
In 1972 (Tietze) (165) there was s t i l l  a strong emphasis on report 
w r i t in g  although some departments did not always demand f u l l  reports. 
Practica l examinations had, however, almost completely disappeared and 
had been replaced by continuous assessment based on marks given fo r  
students' reports and the quantity  and q u a l i ty  o f products.
Smythe (1973) (153) confirms the substantial decrease in  the use o f 
p ractica l examinations in chemistry degree courses with only 3 out o f 
44 (7%) un ive rs ity  departments ind ica ting  widespread use o f p rac tica l 
examinations. A fu r th e r  22% only set p ractica l examinations fo r  
below standard students or fo r  special courses, w h i ls t  71% did not use 
practica l examinations at a l l .  In the polytechnics 50% s t i l l  had 
p rac tica l examinations.
3.2.2 Resources fo r  laboratory work
3.2.2.1 Time a l lo t te d
The Ourisson committee (1966) (125) reported tha t in a chemistry degree
course students spent 970 hours in the laboratory out o f a to ta l  teaching 
time o f 1470 hours (spent on chemistry) i . e .  68%. This is  s ig n i f ic a n t ly  
more than the 45% reported by Robbins (140) and the 43% reported by 
Hale (63) fo r  pure science courses, and more than 56% reported by 
Chambers in 1964 (29A). Nine out o f the 25 respondents in the Ourisson 
(125) report thought tha t th is  was in s u f f ic ie n t  time whereas 16 thought 
i t  was adequate.
In 1964 Chambers (29A) noted a trend towards a reduction in length o f 
physics laboratory courses.
In 1969, however, Jones (81) found tha t 20% of the professional sc ie n t is ts  
included in his survey wanted the amout o f p ractica l work in degree courses 
reduced. A s im ila r  f ind ing  was made by the Eaborn Committee (1970)(44) 
who said tha t in spite o f  the substantial reduction in the amount o f 
p ractica l work in chemistry degree courses, 25% o f undergraduates thought 
that too much time was spent on i t  w h i ls t  4% disagreed.
In, 1972, Tietze (165) reported a substantia l reduction in  the time 
allocated to laboratory work with courses then containing between 500 
and 900 hours.
Smythe's (1973)(153) figures are in substantia l agreement with T ie tze 's .
The mean time spent on practica l work during chemistry degree courses in 
50 un ive rs it ies  and polytechnics was 760 hours (standard deviation =
190 hours).
3 .2 .2 .2  People
The Hale committee (1964)(63) reported tha t in science laboratory courses 
with classes o f 10 and over usually more than one member o f s ta f f  was 
present and with classes over 20, usually more than two members o f s ta f f  
were present.
I t  is  c lear from the find ings o f the Hale committee(63) tha t la rger 
classes tend to have less favourable s ta f f  student ra t io s .  A f a l l  in 
class sizes was reported as courses proceed with 80% o f the classes being 
over 20 in size in the f i r s t  year, 67|% in other non-final years and 
52% in the f in a l  year. I t  would, there fore , appear tha t student 
s ta f f  ra t ios  become more favourable as the courses proceeded.
Chambers (1972)(30) reported tha t in Physics departments, as the 
laboratory course proceeds from year to year progressively less use 
is  made o f postgraduate student demonstrators and more o f  academic s ta f f .  
This indicates a change in the q u a l i ty  o f student to teacher contacts 
as well as a change in the amount o f contact.
The d is t r ib u t io n  o f student to s ta f f  + demonstrator ra t ios  reported 
by the Ourisson Committee (1966)(125) is  shown below:
TABLE 3.2
R A T I O 5:1 10:1 15:1 20:1 25:1 30:1 40:1 50:1
Number o f 
respondents
Actual d is t r ib u t io n - 5 5 11 - 2 1 -
Desirable d is t r ib . - 8 1 - - - - -
The overall mean student: s ta f f  + demonstrator ra t io  was therefore about 
19:1.
More recent information is  not available fo r  s ta f f in g  ra t ios  in 
chemistry laboratory courses.
3.2.2.3 Materials
Written materials were supplemented by:
(1) B r ie f  ta lks given at the beginning o f a laboratory course.
These were common in in troductory courses and less common 
in la te r  years (T ie tze )(165).
(2) Audio visual materia ls.
Three out o f the 12 departments v is i te d  by Tietze used 
audio-visual m ateria ls , i .e .  f i lm  loops in conjunction with 
audio tapes, video tapes and in one department a complete 
teaching aids room with books, programmed te x ts , model k i t s ,  
ca lcu la to rs , f i lm  loops, s l ides , e tc . ,  was ava ilab le .
Smythe (1973)(153) reported tha t in 34% o f the un ive rs it ie s  
audio-visual materials were in 'general use' in the laboratory 
and that a fu r th e r  21% the use o f audio-visual materia ls was in 
an experimental stage.
3.3 The survey : How i t  was carried out and analysed.
3.3.1 The design o f the questionnaire and i t s  d is t r ib u t io n .
3.3.1.1 P i lo t  study.
During the spring term o f 1975, sixteen members o f academic s ta f f  
in two un ive rs ity  chemistry departments and one polytechnic were 
interviewed. The data from these interviews was used to design
section A of the questionnaire which c la s s i f ie s  the s ty le ,  the 
organisation and the teaching methods used in the laboratory courses.
These three departments were excluded from the questionnaire-survey.
An aims questionnaire based on tha t o f Boud (19) and on a l i s t  o f 
aims appearing in  the N u ff ie ld  Newsletter No. 3* (118) was used during 
the academic year o f 1973 to 1974 as a tool fo r  two laboratory course 
evaluations. Analysis o f the resu lts  indicated that the wording o f 
some o f the aims was unclear and tha t some possibly important aims had 
been omitted. An extensive l i te ra tu re  search was carried out (Chapter 2) 
and a more comprehensive l i s t  o f aims was drawn up. This was discussed 
in de ta i l  w ith s ix  members o f academic s ta f f  at the Univers ity  o f Surrey 
and a f te r  a few minor a lte ra t io n s , the aims questionnaire used in 
section B o f the current survey was drawn up.
3.3.1.2 The survey.
The survey took place in two stages. F ir s t  a le t t e r  was sent to Heads 
o f Departments and then the questionnaire was sent to members o f academic 
s ta f f  who organised undergraduate laboratory courses.
3.3.1.2.1 Stage I - Le tte r to Heads o f Departments.
A le t t e r ,  very s im ila r  to tha t used by Lee and Carter (1972)(95) was 
sent, during the Spring term o f 1975, to Heads o f Chemistry Departments 
at a l l  the un ive rs it ie s  and polytechnics in the U.K. (with the exception 
o f the three departments already mentioned).
The le t te r  asked each Head o f Department to ind icate which members o f 
academic staff,who organised laboratory courses,might be w i l l in g  to f i l l
^Appendix to Chapter 3
in a questionnaire about laboratory work. I t  also asked them to 
ou tl ine  any recent changes and developments tha t had taken place in 
th e i r  undergraduate laboratory work in recent years.
The o r ig in a l le t t e r  was followed up by a reminder about a month la te r
which increased the overall response rate by 15%.
The response rates to the le t te r  are indicated in Table 3.3 below:
TABLE 3.3
Sent Total Replies Replies Negative
No. rep lies w. l i s t w c & d Replies
No. % No. % No. % No. %
Univers it ies 56 40 72 35 63 18 32 4 7
Polytechnics 28 13 46 12 43 9 32 0 0
No. = Number o f rep lies 
% = Percentage o f sample which replied
Total rep lies = This includes any kind o f reply
Replies w. l i s t  = Replies which included a l i s t  o f laboratory course 
organisers
Replies w c & d = Replies including an account o f recent changes and 
developments
Negative rep lies = Replies declin ing to take part in the survey
Less than h a lf  o f the respondents described recent changes and 
developments in undergraduate laboratory courses, and many o f the 
respondents suggested tha t the s ta f f  organising laboratory courses should 
be consulted about th is  aspect. Section C was therefore added to the 
questionnaires being sent to departments where recent changes and 
developments had not been described.*
* Appendix to Chapter 3
The responses from the u n ive rs it ies  have been c la s s if ie d  using a s im ila r  
c la s s i f ic a t io n  scheme to one used in the Eaborn report (45).
(a) Scottish un ive rs it ies
(b) London un ive rs it ies  (excluding (d))
(c) Oxford and Cambridge
(d) ex-C.A.T.'s
(e) New un ive rs it ies
( f )  Other.
These categories are not mutually exclusive. I f  a un ive rs ity  is  
described by more than one group i t  has been assigned to the f i r s t  which 
appears in the above l i s t ,  in Table 3.4.
TABLE 3.4
C lass if ica t io n
D is tr ibu t ion  o f 
departments
Number %
Number o f 
le t te rs  sent
Total
responses
Number °l
a 8 14 8 7 18
b 10 17 9 8 20
c 2 4 2 0 0
d 7 13 6 2 6
e 10 18 10 9 23
f 20 35 20 14 35.
I t  can be seen that the d is t r ib u t io n  o f responses is  well representative 
of the to ta l population.
3 . 2 .1 .2 .2  Stage 2 -  The ques t ionna i re
The questionnaire was sent out in the Summer term of 1975 addressed 
to the s ta f f  specified by the Heads o f Departments or to a person who 
had been specified by the Head o f Department to coordinate the 
d is t r ib u t io n  o f questionnaires w ith in  the department*.
The response ra te s ^  are given in Table 3.5 below.
TABLE 3.5
Number o f 
questionnai res 
sent out
Number o f 
questionnai res 
returned
% o f 
questionnai res 
returned
A ll the University 223 134 60
Questionnaires Polytechnic 84 45 54
Questionnai res
sent to Univers ity 193 129 67
ind iv idua ls Polytechnic 46 23 50
Questionnai res
sent to University 30 ‘5 17
coordinator Polytechnic 38
............
22 58
I t  is in te res t in g  to note how the d i f fe re n t  adm inistra tive structures 
in un ive rs it ies  and polytechnics a f fe c t  the response rates w ith the 
d i f fe re n t  modes o f d is t r ib u t io n  o f the questionnaires.
I I t  was decided to de lude  the Open University from the second stage 
o f the survey because an examination o f the laboratory manuals and other 
information sent by the Open Univers ity  showed tha t the nature and p a r t i ­
cu la r ly  the organisation o f p ractica l work in the Open Univers ity  was
too d i f fe re n t  from conventional laboratory courses to be meaningfully 
included in the s ta t is t ic a l  analysis being used fo r  the present survey.
I t  should be emphasized, however, tha t materia ls developed fo r  p rac t ica l 
work by the Open University could well be used in other u n iv e rs i t ie s .
I I  These response rates are higher than comparable studies described 
in Section 3.2.
18 out of the 45 questionnaires from polytechnics describe courses 
other than undergraduate degree courses, and because o f the rather 
d i f f i c u l t  constra ints operating on th is  type of course i t  has been 
decided to exclude these courses from the present survey.
The d is t r ib u t io n  o f responses from d i f fe re n t  categories o f u n ive rs it ie s  
has been examined and is  again seen to be representative o f the to ta l 
popula tion:
TABLE 3.6
Classi f i  cation
D is tr ib u t io n  of 
departments
Questionnaires 
sent out
Responses
Number % Number % Number %
a 8 14 37 16 21 16
b 10 17 40 17 16 12
c 2 4 0 0 0 0
d 7 13 27 11 14 11
e 10 18 43 18 22 17
f 20 35 90 38 56 43
The questionnaire was followed up by a reminder le t t e r  a f te r  about a 
month but no more questionnaires were returned as a re su lt  o f th is .
3.3.2 Aims o f chemistry laboratory courses
3.3.2.1 The questionnaire*
In section B of the questionnaire, the respondents were asked to rate
See appendix to Chapter 3
each o f  the 33 aims on two f iv e  point scales ranging from 1 (not an 
aim) to 5 (a very important aim), w ith respect to a laboratory course 
which they organised. The f i r s t  scale was designed to measure the 
importance o f each aim in the present course. The second scale allowed 
the respondents to express the degree o f importance tha t they thought 
should have been given to each aim in the course, i . e .  the opinion o f 
the aims o f an ideal course.
3.3.2.2 Method o f analysis
For the purposes o f analysis the responses have been divided in to
o 13 groups .
Group I : A ll f i r s t  year courses, 2nd year Scottish courses
(4 year degree).
Group 2 : A l l  second year courses except 2nd year Scottish courses;
3rd year Scottish courses; 3rd year o f 4 year sandwich
degree courses (some po ly techn ics).
Group 3 : A l l  f in a l  year courses.
Within each year group the courses were divided in to  the 3 main branches 
of chemistry and 'o th e r ' courses. For each group the mean and standard 
deviation fo r  each aim has been calculated. The differences between the 
d i f fe re n t  branches o f chemistry, however, were small and s t a t i s t i c a l l y
o
in s ig n i f ic a n t  (a t the 0.01 leve l)
 ^ This c la s s i f ic a t io n  was used by Chambers (30).
2 T - tes t fo r  correlated means.
Within the second year group the aims o f courses containing open or 
problem solving experiments were compared with t ra d i t io n a l*  courses.
No s ig n if ic a n t  differences were found (at the 0.01 le v e l) .
Within the f in a l  year group the aims o f non-project courses were 
compared w ith the aims o f projects and some s ig n if ic a n t  differences 
were noted. These are discussed below.
3.3.2.3 Aims of the present courses.
(1) F i r s t  the eleven most important aims in each group w i l l  be 
discussed (see Table 3.7 fo r  mean ra t ings ).
(a) Four aims are important ( i . e .  amongst the eleven most 
important aims) in a l l  the groups o f courses irrespec t ive  o f 
level or type o f course. They are aims 8, 19, 22 and 26**.
(b) Another four aims are important in a l l  but f in a l  year
pro jects . They are aims 2, 6, 7 and 17.
(c) Three aims which are also important in group 1 and
group 2 courses are aims 18, 28 and 31.
* See questionnaire fo r  d e f in i t io n s  o f these terms (Appendix A3).
**  See page 21 fo r  l i s t  o f aims.
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TABLE 3.7 
AIMS OF PRESENT COURSES
(
GROUP I GROUP 2
FINAL YEAR 
NON-PROJECT
FINAL YEAR 
PROJECT
Mean S.D. n Mean S.D. n Mean S.D. n Mean S.D. n
1 2.1 1.1 81 2.5 1.2 54 2.8 1.1 27 2.8 1.4 13
2 4.0 0.9 81 4.0 1.1 55 4.2 1.0 27 3.4 1.5 13
3 2.5 1.3 79 2.5 1.3 49 2.6 1.5 25 2.8 1.1 12
4 2.5 1.3 78 2.9 1.3 52 3.0 1.3 26 3.0 1.0 14
5 1.4 0.9 79 2.1 1.3 54 2.3 1.5 27 4.4 1.1 14
6 4.0 1.1 82 3.9 1.1 54 3.7 1.2 27 3.7 1.0 13
7 3.7 1.1 82 3.9 1.0 54 3.7 1.2 27 3.7 1.2 12
8 3.8 1.2 82 3.8 1.0 55 3.9 1.1 27 4.2 1.0 12
9 3.0 1.2 82 2.9 1.1 54 3.0 1.2 26 3.5 1.4 13
10 1.4 0.9 82 1.8 1.2 54 2.2 1.3 27 3.3 1. 12
11 2.3 1.1 81 3.2 1.1 55 3.6 1.1 27 3.9 1 .1 14
12 1.5 0.8 82 2.3 1.3 55 2.2 1.0 27 3.2 1 .5 13
13 1.7 0.9 81 2.3 1.2 54 2.4 1.1 26 3.3 1 . 13
2.0 1.1 80 2.6 1.1 55 2.7 1.1 26 3.4 1.2 12
15 2.0 1.1 82 2.7 1.3 53 2.8 1.3 26 CO -'■J 1.3 13
16 2.5 1.2 82 2.8 1.3 53 3.3 1.3 26 3.9 1 .3 14
17 3.5 1.2 81 3.3 1.1 53 3.3 1.0 26 3.5 1 .2 14
18 3.3 1.3 82 3.3 1.3 54 3.0 1.3 26 3.8 1.2 14
19 3.6 1.0 81 3.9 0 .9 54 4.1 1.0 26 4.2 0 .8 13
20 2.1 1.0 79 2.6 1.2 53 2.8 1.3 25 3.6 1 .0 13
21 3.0 1.5 81 2.7 1.4 53 3.2 1.3 26 3.1 1. 13
22 3.3 1.2 82 3.6 1.0 54 3.6. 1.1 27 4.2 1.0 13
23 1.4 0.7 81 2.1 1.3 54 2.0 0.9 26 2.4 1.4 14
24 2.1 1.1 81 3.0 1.2 54 3.1 1.3 27 3.9 0 .9 13
25' 2.3 1.1 81 3.0 1.2 55 3.1 1.1 25 4.3 0 .9 13
! 26 3.5 1.0 81 3.7 0.9 54 3.7 0.9 25 4.5 0.7 14
j 27 2.7 1.3 81 2.9 1.3 55 2.4 1.2 26 3.5 1 .3 13
28 3.2 1.4 78 3.4 1.3 54 2.7 1.3 27 3.8 1.2 13
29 2.4 1.1 80 2.9 1.1 51 2.9 1.1 24 3.8 1.0 13
30 1 .8 1.1 82 3.0 1.3 55 3.2 1.3 26 4.4 1.0 13
31 3.2 1.4 81 3.3 1.3 54 3.0 1.4 25 4.2 1.0 12
32 2.4 1.3 81 2.4 1.3 54 2.2 1.5 25 2.0 1.0 12
33 1.7 0.9 82 1.8 1.1 54 1.8 1.0 25 1.8
1
1.1 12
'i
Non-project f in a l  year courses also emphasize aims 11, 16 and 21.
Final year pro ject work emphasizes aims 11, 16, 18, 24, 25, 29 and 30
as well as those in (a ) .
I t  can thus be seen tha t:
(1) there is  a core o f 4 aims tha t permeate a l l  groups o f 
laboratory courses,
( i i )  the aims in groups 1 and 2 concentrate mainly on i l lu s t r a t in g
the lectures (area A) and on the basic s k i l l s  needed to work
in a chemistry laboratory but which do not necessarily require 
a student to plan an experiment h imself, i . e .  aims which i t  is  
possible to achieve in a t ra d i t io n a l*  type o f experiment, (area 
B and some aims in area C),
( i i i )  f in a l  year courses put more emphasis on problem solving through
experimental work (area C) p a r t ic u la r ly  in projects where i t  is  
hoped to develop a tt itudes  such as i n i t i a t i v e ,  resourcefulness, 
open-mindedness, etc. ( i . e .  aims 24, 25, 29, area D) and where 
basic s k i l l s  are emphasized less.
(2) Analysis o f aims at a l l  levels o f importance.
(a) There are no s ta t is t i c a l l y  s ig n if ic a n t  differences in the ra tings 
o f the eleven most important aims (at the 0.01 leve l)  in the
f i r s t  and second year courses but h a lf  o f the res t o f  the aims are
emphasized more strongly (s ig n i f ic a n t  at the 0.01 le ve l)  in the 
second year course. These are:
Area C : Aims 11, 12, 13, 14, 15, 20, 23, 30.
Area D : Aims 24, 25, 29.
* See questionnaire fo r  d e f in i t io n  o f t ra d it io n a l (appendix to 
Chapter 3).
Thus although the main emphasis is  s t i l l  on i l lu s t r a t in g  the 
lectures and on basic s k i l l s  needed fo r  p ra c t ic a l ,  there is  an 
increase in emphasis on a b i l i t ie s  needed fo r  open or problem 
solving p rac tica l work.
(b) None of the aims in the f in a l  year courses are s ig n i f ic a n t ly
less important than in previous years, ind ica ting  tha t although 
the emphasis is  on work o f a more open and problem solving type 
(areas C and D) the basic s k i l l s  needed fo r  p rac tica l work 
(area B and some aims in area C) and i l lu s t r a t in g  the lectures 
are s t i l l  considered important. I t  appears tha t s ta f f  feel 
students in th e ir  f in a l  year are capable o f achieving a wide 
range o f aims through the more open, problem solving and pro jec t 
types o f work (see section 3.3.3.2 fo r  fu r th e r d e ta i ls  o f the 
types o f p rac tica l work in d i f fe re n t  years).
3.3.2.4 Comparison with surveys o f present courses in the 
l i te ra tu re
Two studies have asked respondents to say what they th ink the aims o f 
th e i r  laboratory courses are, i . e .  Chambers (30) and Tremlett (168).
Chambers, in 1965, sent a questionnaire to 45 physics departments (U.K.) 
asking the s ta f f  to rate the importance o f eleven aims. He achieved 
an 80% response rate.
Tremlett (1972) interviewed 36 academic s ta f f  in 8 in s t i tu t io n s  
( in  the U.K.) and during the interviews asked them what they thought 
were the important aims in chemistry laboratory courses.
me resu lts  from these studies are shown in Table 3.8. For comparison 
purposes the aims in Chamers1 and Trem letts1 studies are cross 
referenced to the questionnaire used in the present survey. The 
separate l i s t s  o f aims appear in the appendix \
I t  can be seen that on the whole there is  good agreement between the
2surveys , the emphasis being very much on basic s k i l l s  needed in the 
laboratory (area B) and s k i l l s  necessary fo r  processing, in te rp re t in g  
and reporting the data obtained (area C).
There are, however, 3 aims over which there is  disagreement.
(a) Aim 26 does not appear in Trem lett 's  l i s t .  This is  surpris ing
considering i t s  very high level o f importance both in the
present study and Chamber's study.
(b) Aim 8 was not included in Chamber's study and is  ranked in  a
low position in  Trem lett 's  study. I t  is  possible, however,
tha t th is  aim is  im p l ic i t  in Chamber's Aim 3 and Trem lett 's  
Aim 1.
(c) Aim 2 is  very important both in the present study and Trem le tt 's
study but is  re la t iv e ly  unimportant in Chamber's study,
ind ica ting  a fundamental d ifference in the nature o f p rac tica l
work in undergraduate courses fo r  chemists and phys ic is ts .
A recent survey by Frazer et al (55) o f student opinions o f the aims 
o f undergraduate chemistry courses found a s im ila r  ranking fo r  aims 
connected w ith laboratory work, to those above, with the main emphasis 
being on p rac tica l s k i l l s ,  somewhat less emphasis on communication and 
a very low emphasis on developing the a b i l i t y  to design experiments.
The f iv e  least important aims o f Trem le tt 's  survey have been 
omitted from Table 3.8 to aid c la r i t y .
The strong agreement between the ra tings fo r  Chamber's aims 
in Table 3.8 and those in the present survey on Table 3.7 
is  remarkable.
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In the present 
study aims 
were ranked 
fo r  each 
year o f the 
course. In 
order to make 
a comparison 
w ith Chambers 
and Tremlett 
the fo llow ing  
coding has 
been used:
aim amongst 
the 11 most 
important aims 
fo r  a l l  years
aim amongst 
the 11 most 
important aims 
fo r  2 years
aim amongst 
the 11 most 
important 
aims fo r  
1 year only 
N.B. The wording o f  
the aims is  not 
id e n t ic a l ,  e.g. 
Chambers 3 and the 
present study 6 & 7. 
Brackets ind ica te  very 
d i f fe re n t  wording.
One aim which stands out as being more important in Frazer's l i s t  
is  the aim ' to  develop an a b i l i t y  to work safe ly in a la b o ra to ry '.
The three u n ive rs it ies  and two polytechnics in  Frazer's study must 
therefore put more emphasis on safety factors than most chemistry 
departments.
3.3.2.5 Aims fo r  ideal courses
Table 3.9 summarises the resu lts  fo r  the aims fo r  ideal courses at 
the d i f fe re n t  leve ls . Again no s ig n if ic a n t  differences were found between 
the d i f fe re n t  branches o f chemistry and between courses in the 2nd year 
group which used open or problem solving work and those which did not.
There are, however, s ig n if ic a n t  differences between non-project courses 
in the f in a l  year and f in a l  year pro jects . Table 3.9 therefore comprises 
four groups:
(a) 1st year group
(b) 2nd year group
(c) Final year non-project group
(d) Final year p ro jec t group.
I t  can be seen tha t many o f the discordance values (defined as the 
mean ra ting  fo r  an ideal course minus the mean ra ting  fo r  the actual 
course) are s ig n if ic a n t  below the 0.01 le ve l.  In order to determine 
the educational s ign if icance o f the discordances, scatte r graphs have 
been p lo tted of the mean ra t ing  fo r  an ideal course against the 
discordance (graphs 3.1, 3.2, 3.3) fo r  a l l  the aims where the 
discordance value is  s ta t i s t i c a l l y  s ig n if ic a n t .  The aims fo r  which 
there is an educationally s ig n if ic a n t  discordance l ie  in the top r ig h t  
hand corner o f the graphs and have been a r b i t r a r i l y  defined on each 
graph according to the scatter as:
TABLE 3.9
AIMS OF IDEAL COURSES
YEAR GROUP I YEAR GROUP 2 FINAL YEAR NON-PROJECT
FINAL
PROJ
YE
EC1
;ar
Aim Mean S.D n Di s. Sig. Mean S.D n Dis. Sig. Mean S.D n Dis. Sig. Mean S.D n Dis. Sig.
1 2.5 1.2 76 0.4 NS 2.6 1.3 53 0.1 NS 3.0 1.1 26 0.2 NS 3.2 1.4 11 0.4 NS
2 4.3 1.0 77 0.3 NS 4.3 1.0 53 0.3 NS 4.5 0.9 26 0.3 NS 3.7 1.3 11 0.3 NS
3 2.9 1.4 76 0.4 NS 2.8 1 .4 46 0.3 NS 2.8 1.6 24 0.2 NS 3.3 1.2 10 0.5 NS
4 3.2 1.4 75 0.7 S 3.7 1.3 49 0.8 S 3.9 1.4 26 0.9 NS 3.4 1.3 n 0.4 NS
5 1.5 0.8 75 0.1 NS 2.2 1.4 53 0.1 NS 2.4 1.5 27 0.9 NS 4.3 1 .3 11 T).l NS
6 4.5 0.9 78 0.5 S 4.5 0.9 53 0.6 S 4.1 1.2 27 0.4 NS 4.0 1.2 11 0.3 NS
7 4.0 1.0 78 0.3 NS 4.2 0.8 53 0.3 NS 4.2 1.0 27 0.5 NS 4.0 1.1 10 0.3 NS
8 4.5 0.7 77 0.7 S 4.7 0.6 54 0.9 S 4.5 0.9 27 0.6 NS 4.7 0.7 10 0.5 NS
9 3.7 1.1 78 0.7 S 3.6 1.1 53 0.7 s 3.8 1.2 26 0.8 NS 3.5 1.6 10 0.0 NS
10 1.7 1.1 76 0.3 NS 2.2 1.4 53 0.4 NS 2.6 1.3 27 0.4 NS 3.7 1.6 10 0.4 NS
11 3.4 1.3 76 1.1 S 4.0 1.1 53 0.8 S 4.4 0.8 27 0.8 S 4.6 0.5 11 0.5 NS
12 2.6 1 .4 77 1.1 S 3.2 1 .3 54 0.9 S 3.3 1 .4 27 1.1 S 4.0 0.8 11 0.8 NS
13 2.7 1.3 77 1.0 S 3.2 1.3 52 0.9 S 3.3 1.2 25 0.9 NS 4.0 1.3 11 0.7 NS
14 2.9 1.4 78 0.9 S 3.3 1.4 53 0.7 NS 3.9 0.8 26 1.2 S 4.0 0.8 10 .0.6 •NS
15 3.1 1.3 78 1.1 S 3.7 1.2 53 1.0 S 4.1 1.1 26 1.3 s 4.2 0.8 10 0.5 NS
16 3.5 1.3 78 1.0 s 3.7 1.4 52 0.9 S 4.2 1.1 26 0.9 NS 4.6 0.7 11 0.7 NS
17 4.1 1.0 77 0.6 s 3.9 1.0 52 0.6 S 4.1 1.0 26 0.8 s 3.8 1.3 11 0.3 NS
18 4.2 0.9 76 0.9 s 3.9 1 .2 54 0.6 S 3.9 1.3 26 0.9 NS 4.1 1.3 11 0.3 NS
19 4.6 0.6 77 0.9 s 4.4 0.9 54 0.5 S 4.8 0.4 26 0.7 S 4.7 0.7 n 0.5 NS
20 3.2 1.4 75 1.1 s 3.3 1 .2 51 0.7 S 4.1 1.1 24 1.3 s 3.9 0.9 10 0.3 NS
21 3.8 1.2 77 0.8 s 3.5 1.5 53 0.8 S 4.0 1.2 26 0.8 NS 3.7 1.3 n 0.6 NS
22 4.1 1.0 78 0.8 s 4.1 1.0 54 0.5 NS 4.1 1.1 27 0.5 NS 4.5 1.0 n 0.3 NS
23 2.3 1.3 77 0.9 s 2.9 1.5 54 0.8 S 3.5 1.3 27 1.5 s 3.8 1.2 l i 1.4 S
24 3.5 1.2 77 1.4 s 3.9 1 .3 53 0.9 S 4.3 0.8 27 1.2 s 4.6 0.7 n 0.7 NS
25 3.5 1.3 77 1.4 s 3.9 1.1 54 0.9 S 4.2 0.9 26 1.1 s 4.8 0.4 n 0.5 NS
26 4.5 0.7 78 1.0 s 4.5 0.7 53 0.8 S 4.6 0.9 26 0.9 s 4.7 0.7 n 0.2 NS
27 3.6 1.1 77 1.3 s 3.5 1.4 54 0.6 NS 3.2 1.4 26 0.8 NS 3.9 1.3 n 0.4 NS
28 4.1 1.2 74 0.9 s 3.9 1.5 52 0.5 NS 3.9 1.2 26 1.2 s 3.8 1.3 n 0.0 NS
29 3.6 1.2 78 1.2 s 3.8 1.1 50 0.9 S 4.0 1.0 23 1.1 s 4.4 0.7 n 0.6 NS
30 2.7 1.4 77 1.1 s 3.6 1.2 54 0.6 NS 4.1 0.9 26 1.1 s 4.7 0.5 10 0.3 NS
31 3.7 1.2 78 0.5 s 3.5 1.5 53 0.2 NS 3.5 1.4 24 0.5 NS 4.5 0.7 10 0.3 NS
32 2.5 1.4 78 0.1 NS 2.5 1.3 53 0.1 NS 2.5 1.6 24 0.3 NS 2.4 1.1 10 0.4 NS
33 2.2 1.2 78 0.5 s 2.2 1.3 53 0.4 NS 2.8 1.5 25 1.0 S 2.5 1.1 10 0.7 NS
Mean = Mean o f ratings fo r  an ideal course
S.D. = Standard deviation
n = Number o f responses
Dis = Dissonance value S = S ign if ica n t at 0.01 level
Sig = Significance NS = Not s ig n if ic a n t  at 0.01 level
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Graph 3.1, year group 1 - ra ting  > 3.4, discordance > 0.9
Graph 3.2, year group 2 - ra ting  £ 3.7, discordance > 0.7
Graph 3.3, f in a l  year - ra t ing  > 3.5, discordance > 1.1
The differences which are educationally s ig n if ic a n t  are shown below:
TABLE 3.10.
AREA B AREA C AREA D
Year Group I - 11 - - - 18 19 -  -  - 24 25 26 27 28 29
Year Group 2 8 11 - 15 16 - 24 25 - - - 29
Final year, 
non-project
- -14 15 - - - 20 23 30 24 25 - - - 29
Final year, 
p ro ject
- -  - - - - - 23 - - -  - - -  -
(1) I t  is  notable tha t the discordance values fo r  f in a l  year projects
are s ig n i f ic a n t ly  smaller than fo r  a l l  other groups (see table
3 .9). This fac to r  combined with the small numbers in the f in a l  
year p ro jec t group produce only one aim on which s ta f f  would l ik e  
to put more emphasis, aim 23.
(2) Nearly a l l  the aims which s ta f f  feel are underemphasised f a l l  in
areas C and D. Three aims are cons is tently  underemphasised.
They are aims 24, 25 and 29.
Aim 11 is  underemphasised in year groups 1 and 2 and aim 15 
in year group 2 and the f in a l  year non-project group.
S ta f f  would c le a r ly  l ik e  to see more emphasis on students making 
decisions about how to carry out experiments and on students 
having more control over how they work in the laboratory.
I t  is  c lear tha t in order to achieve th is  reorien ta tion  o f the 
aims o f laboratory work, more open, problem-solving and pro ject 
work w i l l  have to be introduced at a l l  levels o f laboratory 
work.
(3) I t  is  important to note tha t a l l  but one o f  the dissonance 
values is  pos it ive  ind ica ting  tha t although the s ta f f  would 
l ik e  to increase the emphasis on the aims mentioned above, 
they would l ik e  to do so without decreasing the emphasis on 
those aims which are already well represented in present courses. 
In fa c t ,  the eleven most important aims fo r  ideal courses 
in each of the groups are very s im ila r  to the eleven most 
important aims in the present courses. ( see Table 3.11).
I t  would seem u n re a l is t ic  to hope to e lim inate the dissonance between 
the aims o f present courses and those o f ideal courses. Instead one 
must attempt to reduce the dissonance in  those areas where i t  is  most 
educationally s ig n if ic a n t .  The resu lts  would ind icate tha t a s h i f t  
in emphasis towards a more open, problem-solving or p ro jec t type o f 
laboratory work is  desirab le , even i f  i t  would mean increasing the 
dissonance fo r  some o f the aims which are considered to be important 
in present courses^. C learly a balance has to be struck when deciding 
which aims should be emphasized most. At the moment the balance 
l ie s  too much towards those aims which can be achieved by t ra d i t io n a l  
laboratory work and too l i t t l e  towards many o f  the aims in areas 
C and D.
I t  may, however, be possible to achieve a wider range o f aims using 
a lte rna t ive  methods. This p o s s ib i l i ty  is  examined in section 6.4 o f  
th is  thesis.
TABLE 3.11
A table containing the eleven most important aims fo r  present 
courses and fo r  ideal courses fo r  each year group.
YEAR GROUP I YEAR GROUP 2
FINAL YEAR 
NON-PROJECT
FINAL YEAR 
PROJECT
PRESENT IDEAL PRESENT IDEAL PRESENT IDEAL PRESENT
!
[ ideal
[
4------------------
2 2 2 2 2 2
i
j
1i!
- - - - 5
i
i
j
6 6 6 6 6 6 -
\
j
I
7 7 7 7 7 7 -
j
8 8 8 8 8 8 8 1 8
- - 11 11 11 n 11
- - - - - 15 - -
- - - - 16 16 16 16
1 7
17 17 17 17 - - -
18 18 18 18 - - - -
19 19 19 19 19 - 19 19
- 21 - - 21 21 - -
22 22 22 22 22 - 22 22
- - - - - - 24 24
i - - 25 - 25 25 25
26 26 26 26 26 26 26 26
! 28
28 28 - - - - -
1 -
_ - - - - 29
- - - - - 30 30 30
31 - 31 - - - 31 31
3.3.2.6 Comparison with surveys o f aims o f ideal courses 
in the l i te ra tu re
Two studies have asked respondents to say what they th ink the aims 
o f laboratory courses should be.
Lee (1969}(94) in  a 2% sample o f un ive rs ity  graduates who were Associate 
members o f the In s t i tu t io n  o f Mechanical Engineers, asked the respondents 
to rate on a 5 point scale 16 possible aims fo r  mechanical engineering 
p ractica l work at u n ive rs ity ,  according to th e ir  importance. He 
achieved a response rate o f 59%. From Lee's resu lts  the mean and 
standard deviation fo r  each aim has been calculated and these are 
included in Table 3.11.
Ring (1975)(.139) sent a s im ila r  aims questionnaire to members o f s ta f f  
in the physics department at the Lowell Technological In s t i tu te ,  U.S.A., 
asking them to rate 23 aims depending on how important they thought 
each aim should be in an ideal in troductory physics laboratory course.
He achieved a 48% response ra te. The resu lts  are included in 
Table 3.121.
Again the aims have been re lated to the aims in the present study in 
Table 3.12. The l i s t s  o f Lee's and Ring's aims appear in the appendix 
to Chapter 3.
The surveys are compared below:
Area A:
The respondents in the 3 surveys were agreed tha t Aim 2 'To i l l u s t r a te
1 Some o f the aims in Lee's and Ring's surveys do not correspond 
to any o f the aims included in the present survey and are 
therefore not included in Table 3.10. These aims are:
Lee: 8,13,14,15. Ring: 1,19,20,22.
TA
BL
E 
3.1
2 
Aim
s 
fo
r 
an 
Id
ea
l 
Co
ur
se
 
* 
Th
e 
co
lum
n 
he
ad
in
gs
 
are
 
ex
pl
ai
ne
d 
in 
Ta
ble
 
3.
6.
cn 
■ E
•r-c£
S.
D
0.
3
0.
3(
0.
3)
(0
.3
)
0.
3
0.
2
0.
2
0.
2 
0.
2(
0.
2)
 
0.
2
0.
8
(0
.2
)
0.
3
0.
2
( 
0.
8 
0.
3 
0.
2(
0.
2)
0.
3
R
at
in
g
1.
9
3.
0(
3.
3)
(3
.4
)
2.
9
3.
2
3.
8
1.
9 
2.
0(
2.
5)
2.
4
3.
2 
(4
.1
)
3.
1
4.
1
2.
9 
2.
8
3.
5(
1.
9)
2.
0
Ra
nk
i 
ng
21
10
(6
)(
5)
11 7
 3 22
19
(1
6)
17 8
| 
(2
)
! 
9 i
:
ii 13 4(
22
)
19
No 14
4(
22
)(
23
)
2 3 6 17
 
16
(8
)
11 15 (5
)
10 7 9 18 13
(2
1)
12
\
;
...
...
...
.'
QJ
OJ
_i
S.
D
0.
9
(1
.3
)
1.
2
1.
2
1.
1
1.
3 
0.
9
0.
9
0.
9
1.
2
1.
4
Ra
ti 
ng
4.
2 
(3
.0
)
2.
8
2.
7
4.
1
3.
1
4.
3
4.
2
4.
4
3.
8
j
2.
9
. 
.j
Ra
nk
i 
ng
CO CO LD ID IX) CM CM CO i— OO ^
r— r— i— r— r—
o
z
CM CM CD O CTi CO LD i— i— 1"^
St
ud
y 
Ra
nk
i 
ng
S S S 3 ca >-oaca 3 >-ca e . >->-
Pr
es
en
t
No
* 1— CMCOM-LOCOr^ OOCTiOi— CMCOcJ-lCCDNCOCTiOi— CMCO^-LDCONCOCT> o  1— CM COi— i— i— r— i— i— .— i— i— i— CM CM CM CM CM CM CM CM CM CM CO CO CO CO
material taught in lectures and tu to r ia ls  ( inc luding Ring's aims 
4,22 and 23) should be important in an ideal course.
Area B:
I t  was f e l t  tha t the aims in th is  area should be strongly emphasised in 
chemistry laboratory courses. The physics s ta f f  (Ring ^) would l ik e  
to put less emphasis on basic s k i l l s  and techniques (aim 6) and on 
fa m il ia r is in g  students with some important instruments and devices 
(aim 7) but would put strong emphasis on the aim ' to  teach the 
p r inc ip les  and a tt itudes  o f  doing experimental physics '. C learly 
the s ta f f  f e l t  tha t the aims o f an in troductory physics course should be 
orientated to provide a basic laboratory t ra in in g .  I t  would appear, 
however, tha t in chemistry there is  a la rger body o f sp e c if ic  s k i l l s  
and techniques tha t students are expected to learn.
In contrast the mechanical engineers (Lee) f e l t  tha t t ra in in g  students 
to use 'pa rt icu la r apparatus, te s t  procedures or standard techniques' 
should be a low p r io r i t y  aim.
Area C:
In a l l  3 surveys i t  was f e l t  tha t aims to do with processing experimental 
data (aims 16 and 19) should be very important in an ideal laboratory 
course.
The chemists and mechanical engineers both f e l t  tha t t ra in in g  students
in w r i t in g  reports (aim 22) was important but th is  was thought to be
less important fo r  an in troductory physics course.
1 N.B. The rankings and ratings fo r  the physics s ta f f  are fo r  
an in troductory course and should be compared w ith  year 
Group 1 on Table 3.7.
I t  was f e l t  tha t there should be quite strong emphasis on problem solving 
in the laboratory (aim 11) in both chemistry and mechanical engineering 
courses but not in an in troductory physics course.
Area D:
I t  was agreed tha t s tim ulating in te re s t  (aim 26) should be very important 
in both chemistry and physics laboratory courses, but not so important 
( ra t ing  3.8) fo r  mechanical engineering.
I t  was thought tha t aim 24 ' to  provide the student with a stimulus fo r  
independent th ink ing ' should be the most important aim fo r  mechanical 
engineering laboratory courses and should be quite important in 
chemistry courses p a r t ic u la r ly  in the f in a l  year (also aim 25 fo r  
chemistry courses). I t  was thought, however, tha t i t  should be o f 
quite low importance in an in troductory physics course.
Area E:
I t  was thought tha t aims in  th is  area should be unimportant w ith the 
exception o f aim 31 fo r  chemistry laboratory courses.
A gain there is  quite good agreement between the find ings o f the present 
survey and those aims re lated to laboratory work in Frazer's (55) 
survey, w ith the exception o f the aim ' to  develop an a b i l i t y  to work 
safe ly in a laboratory ' which i t  was f e l t  should be the most important 
aim fo r  a chemistry laboratory course and the second most important 
aim o f the whole degree course.
Summary
The aims fo r  an ideal course in the 3 d i f fe re n t  surveys are s im i la r ,  
the differences being a t t r ib u ta b le  to differences in the nature 
o f the subjects, e.g. aims in area B, and to the level a t which i t  
was being studied, e.g. aims in area D. I t  is  su rp ris ing , however, 
to f ind  tha t mechanical engineers did not rate stim ula ting in te re s t  
as a very important aim.
3.3.3 Methods o f  teaching and learning
3.3.3.1 Organisation o f Laboratory Courses
3.3.3.11 Subject
Table 3.13 shows that most laboratory work is  organised w ith in  the 
t ra d i t io n a l branches o f chemistry.
TABLE 3.13
Subject
YEAR 
GROUP I
YEAR 
GROUP 2
FINAL YEAR 
NON-PROJECT
FINAL YEAR 
PROJECT
No. of 
courses %
No. o f 
courses %
No. o f 
courses %
No. o f 
courses %
Organic 21 25 18 32 8 27 2 18
Inorganic 13 16 11 19 6 20 4 36
Physical 29 35 18 32 6 20 2 18
Integrated 17 20 3 5 4 13 1 9
Other
:
3 4 7 12 6 20 2 18
Notes: (1) 'In tegra ted ' indicates a course which integrates 2 or 3
o f the main branches o f chemistry : 58% o f the 
' in teg ra ted ' courses in tegrate a l l  3 branches o f chemistry.
(2) 'Other' includes ana ly tica l (10), biochemistry (3 f in a l
year courses), polymer science (1) and materials science (1 ).
The d is t r ib u t io n  of courses by subject area and year group shows 
some differences from the d is t r ib u t io n  o f courses in Smythe's survey(153) 
which included about twice the number o f courses. Smythe's survey 
found an even d is t r ib u t io n  over the three main branches of chemistry.
The d is t r ib u t io n  of courses in  each year group in the present survey is  
s im ila r  to Smythe's but with year group I being more heavily represented 
in the present survey, and year group 2 correspondingly less well 
represented.
3.3.3.12 Ind iv idua ls /  Pairs /  Groups
For the m a jo rity  o f courses students work in d iv id u a l ly  in the laboratory 
(Table 3.14).
Physical chemistry is  exceptional in tha t the students more often work 
in pairs than in d iv id u a l ly .  In the f i r s t  two years when working as 
pa irs , students usually perform the same experiment as a pa ir  but fo r  
about a quarter o f the experiments they do s im ila r  experiments and pool 
th e i r  re su lts .  In the f in a l  year the number o f experiments in 
which they pool th e i r  re su lts ,  when working in pa irs , increases to about 
h a lf .
Students only occasionally work in groups o f 3 or more.
Students ra re ly  work in pairs in f in a l  year pro jects . In one o f  the 
eleven f in a l  year projects students sometimes worked on s im ila r  experi­
ments and pooled resu lts .
A ll  the s ta f f  who were interviewed and who ran courses in which students 
worked as pairs did so p r im ari ly  because o f constra ints o f  apparatus or 
space, and when s u f f ic ie n t  apparatus was ava ilab le usually preferred
(6) 
%
 
= 
Percent 
of 
courses 
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subject 
and 
year 
group
(7) 
Parentheses 
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group 
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students to  work in d iv i d u a l l y .
The present find ings support these opinions in that there is  a larger 
proportion o f courses in which students work in pairs in the 2nd 
year group than in the f i r s t  year group as the apparatus and equipment 
needed becomes more specialised. In the f in a l  year course students 
work in d iv id u a l ly  more. This becomes possible because o f the drop 
in the size o f the classes from the second year group to the f in a l  year 
(see section 3.3.3.16).
Chambers (29A) found s im ila r  trends in physics. In the f i r s t  year 
there was no co rre la t ion  between the size o f classes in d i f fe re n t  
departments and the extent to which students worked in pa irs ,  but in 
subsequent years the amount o f working in pairs dropped as the size o f 
classes dropped.
The educational benefits and disadvantages o f students working in  pairs 
are examined in the case studies in the next chapter.
3.3.3.13 Sequencing o f experiments
In the f i r s t  year group in most inorganic courses the students do 
the same experiments a t approximately the same time (a) whereas in the 
physical courses d i f fe re n t  students usually do d i f fe re n t  experiments 
at the same time (b). In the organic courses the students do the 
same experiments a t the same time in about a th i rd  o f the course 
whereas in about h a lf  the courses students do a mixture o f (a) and (b ).
In the second year group and the f in a l  year the number o f courses 
where students do d i f fe re n t  experiments at the same time (b) increases
p a r t ic u la r ly  fo r  inorganic chemistry.
TABLE 3.15 SEQUENCING OF EQUIPMENT
F ir s t  Year Group Second Year Group Final y r . Non-project
a b c a b c a b c
n offo n % n % n % n % n % n % n % n %
Organic 8 38 3 14 10 48 0 0 6 33 12 67 0 0 5 63 3 38
Inorganic 7 64 3 18 3 18 0 0 7 64 4 36 0 0 4 67 2 33
Physical 1 3 18 62 10 35 0 0 12 67 6 33 0 0 5 83 1 17
Integrated 8 42 1 5 10 53 0 0 1 33 2 67 0 0 2 100 0 0
Other 1 33 0 0 2 67 1 14 4 57 2 29 0 0 6 75 2 25
(a) Students do the same experiments at approximately the same 
time.
(b) D if fe ren t students do d i f fe re n t  experiments at the same 
time.
(c) Students doe a mixture o f (a) and (b). 
n = number o f course.
% = percent of courses w ith in  subject and year group.
The extent to which experiments in a p ractica l course can be 
sequenced depends on the a v a i la b i l i t y  o f  apparatus, in a s im i la r  way 
to the amount o f ind iv idua l work discussed in the previous section.
3.3.3.14 Length o f courses and length o f experiments
There is  wide va r ia t ion  in the length o f  courses and the length o f  
experiments w ith in  courses:
TABLE 3.16
Length o f courses 
(hrs)
Length o f experiments 
(hrs)
Mean S.D. n Mean S.D. n
1st year group 62 45 85 5.6 3.1 79
2nd year group 83 39 58 10.1 5.1 49
Final year-Non pro jec t 89 48 27 19.3 16.0 24
Final year - p ro jec t 176 67 12 - - -
Mean = Mean length o f course/experiment 
S.D. = Standard deviation 
n = Number o f  courses
These figures are in close correspondence with those calculated 
from Smythe's data.
There are no s ig n if ic a n t  var ia tions between the d i f fe re n t  branches 
o f chemistry except fo r  the 1st year group courses where the mean length 
o f organic, inorganic and physical courses was about 50 hours as 
opposed to integrated courses which were about 80 hours long ^
( c . f .  Table 3.1).
The increasing complexity o f p rac tica l work as the degree 
courses progress is  re flec ted in the increase in the length o f time 
spent on each experiment.
1
Some integrated courses were short in troductory courses. Other 
replaced a l l  the laboratory work in the tra d i t io n a l branches o f 
chemistry during year 1.
3 .3 .3 .1 5  Type o f  s tudents a t te n d in g  chem is try
la b o ra to ry  courses
Many chemistry laboratory courses are taken by a large number o f 
students from other subject areas as well as students from chemistry. 
The largest groups o f students attending chemistry laboratory courses, 
apart from chemists, are b io log ica l sc ien t is ts  but students also attend 
from medicine, d e n t is try ,  pharmacy, engineering, geology and other 
sciences.
TABLE 3.17 PERCENT OF COURSES ATTENDED BY DIFFERENT GROUPS 
OF STUDENTS
Chemists
only
Chemists + 
Biologica l 
Sciences
Chemists + 
other
1st year group 28 38 34
2nd year group 77 16 7
Final year
Non pro ject group
97 3 0
3.3.3.16 Size o f classes
The size o f classes taking chemistry laboratory courses s tead ily  
decreases throughout the degree re f le c t in g  a f a l l  o f f  in the number 
o f non-chemists taking chemistry courses, and presumably increased 
spec ia lisa tion  and a decrease in the number o f chemists in each year 
as some of them drop out. A s im ila r  trend was noted by Chambers (29A).
TABLE 3.18 SIZE OF CLASSES
Mean Standarddeviation
Number o f 
courses
1st year group 38 22 75
2nd year group 27 15 55
Final year 15 8 29
Non pro jec t group
3.3.3.17 S ta ff ing
The fo llow ing ra t ios  have been calculated fo r  each course:
Students: P.G. Demonstrators
Students: Academic s ta f f
Students: P.G. Demonstrators + Academic s ta f f
The means and standard deviations o f these ra t ios  have been calcu lated 
fo r  : 1st year group classes with > 30 students
1st year group classes with < 30 students
2nd year group classes with > 30 students
2nd year group classes with < 30 students
Final year non pro ject group classes w i th ^  30 students
There were no f in a l  year non pro jec t courses with > 30 students
(N.B. The mean ra t ios  calculated represent a mean fo r  courses 
not a mean ra t io  fo r  the 'average' student or 'average' 
member o f teaching s ta f f ) .
The resu lts  are shown overleaf in Table 3.19.
TABLE 3.19
1ST Y E  
> 30 studenl
A R
:s
G R O U P  
^ 30 students
t - t e s t  fo r  
s ig n if ic a n t  
d iffe rence at
Mean S.D n Mean S.D n 0.01 level
Student:Demonstrator 19.1 9.6 36 17.0 12.5 45 N.S.
S tudent:Staff 35.1 13.9 37 18.3 8.0 45 S ig n if ic a n t
Student:Demonstrator 
+ s ta f f
13.5 7.4 37 9.2 3.5 45 S ig n if ic a n t
2ND Y E A R G R 0 U P
Student: Demonstrator 22.7 13.8 13 19.3 15.7 40 N.S.
S tudent:Staff 25.8 10.0 14 17.1 6.6 40 S ig n if ic a n t
Student:Demonstrator 
+ s ta f f
12.7 5.3 15 9.4 2.9 40 S ig n if ica n t
FINAL YEAR NON PROJECT GROUP
Student-.Demonstrator - - - 22.6 28.9 28 -
Student:Staff - - - 12.3 6.8 28 -
Student:Demonstrator 
+ s ta f f
- - - 7.7 4.2 29 -
A number o f in te res ting  trends can be noticed:
(1) Smaller classes have s ig n i f ic a n t ly  be tte r student:demonstrator 
+ s ta f f  ra t ios  and s tu d e n t:s ta ff  ra t io s .  The student: 
demonstrator ra t io s  are s im ila r  fo r  d i f fe re n t  sized classes.
A s im ila r  trend was noted by Chambers (29A) in physics.
This leads to differences in s ta f f in g  ra t ios  fo r  certa in  types 
o f courses:
(a) 1st year organic courses are usually held with la rger classes 
( i . e .  Mean = 46, S.D. = 28, cjf. a l l  1st year courses
Mean = 38, S.D. = 22) consequently the s ta f f in g  ra t io s  tend 
to be worse, although th is  is  not s ta t i s t i c a l l y  s ig n i f ic a n t  
a t the 0.01 le v e l .
(b) F ir s t  year group courses at polytechnics tend to have smaller 
numbers o f students than courses at un ive rs it ies  ( i . e .
mean = 16, S.D. = 6 at polytechnics compared with mean = 40
S.D. = 22 at u n ive rs it ie s )  and therefore the overa ll student: 
s ta f f  + demonstrator. ra t io  tends to be more favourable in 
polytechnics ( i . e .  mean = 8.8, S.D. = 4.0 at polytechnics compared 
with mean = 11.6, S.D. = 6.2 at u n iv e rs i t ie s ) .  Again the 
differences are not s ta t is t i c a l l y  s ig n if ic a n t  at the 0.01 le v e l.
There are no s ig n if ic a n t  differences between the 1st year groups 
and the 2nd year groups in Table 3.19. There is ,  however, an 
overa ll improvement in the student-.staff ra t io  ( s ig n i f ic a n t  a t the
0.01 leve l)  in the 2nd year group because o f the decrease in number 
o f la rger courses in the 2nd year group.
The f in a l  year non pro ject courses have s ig n i f ic a n t ly  b e tte r  (a t 
the 0.01 leve l)  s tud en t:s ta ff  and student:demonstrator + s ta f f  
ra t ios  than the previous years.
Differences in the amount o f  usage o f postgraduate student 
demonstrators are shown in Table 3.20.
TABLE 3.20 FRACTION AND PERCENT OF COURSES NOT USING POSTGRADUATE
STUDENT DEMONSTRATORS
1ST YEAR GROUP 2ND YEAR GROUP
FINAL
YEAR
NON
PROJECT
Fraction Percent Fraction Percent Fraction Percent
Polytechnic 7/13 54 6/9 67 4/8 50
University 5/70 7 6/44 14 7/20 35
The fa c t tha t un ive rs it ies  tend to employ postgraduate student demonstrators 
in laboratory courses more than polytechnics means tha t members o f academic 
s ta f f  are more often employed in the teaching laboratory in polytechnics.
The differences between student-.staff ra t ios  in un ive rs it ies  and po ly­
technics are h ighly s ig n i f ic a n t  in the f i r s t  year group courses. The 
differences in la te r  years are not s t a t is t i c a l l y  s ig n if ic a n t .  Table
3.21 compares the s tu d e n t is ta f f  ra t ios  fo r  the un ive rs ity  and polytech­
nic f i r s t  year groups.
TABLE 3.21
POLYTECHNIC UNIVERSITY
t - t e s t  fo r  
s ig n if ic a n t  
d ifference a t 
0.01 levelMean S.D n Mean S.D n
> 30 students - - - 35.3 14.0 36 -
< 30 students 11.8 4.9 13 20.7 7.4 31 s ig n if ic a n t
(5) The s ta f f in g  ra t ios  in Table 3.19 represent a considerable
improvement on those reported by the Ourisson Committee in 1966.
In spite o f the widespread use o f postgraduate student demonstrators 
as teaching s ta f f  in laboratory courses, some o f the s ta f f  interviewed 
(8 out o f 17) mentioned problems with postgraduate demonstrators:
The standard o f postgraduate demonstrators varied considerably. Many 
were considered competent but in some courses postgraduate demonstrators 
did a l l  the marking because the s ta f f  f e l t  tha t they, the s ta f f ,  
were be tte r equipped to help the students with th e ir  work in the 
laboratory whereas in others s ta f f  did a l l  the marking because they 
f e l t  tha t postgraduate demonstrators did not have a s u f f ic ie n t  grasp o f 
the course. Very l i t t l e  help was given by s ta f f  to postgraduate 
demonstrators. Usually demonstrators were given the in s tru c t io n  sheets 
before the class started and were given l i t t l e  other help.
The most frequently  mentioned problems were tha t some postgraduate 
demonstrators lacked knowledge o f ,  or fa m i l ia r i t y  w ith , the course 
content and that some had problems in communication and knowing how to 
approach students. In one department the problems with postgraduate 
demonstrators were accentuated by the fa c t th a t most o f the postgraduates 
were foreign and came from d i f fe re n t  educational backgrounds and many 
did not speak good English.
These problems with the s ta f f in g  o f courses recur throughout the case 
studies in the next chapter where they are examined in more d e ta i l .
I t  would appear, however, from the data presented in th is  chapter tha t 
these problems l im i t  the range o f educational aims tha t can be achieved 
in laboratory courses p a r t ic u la r ly  those with large student numbers and 
correspondingly poorer s ta f f in g  ra t io s .
3.3.3.18 Marking
Another fac to r tha t a ffec ts  the e f fe c t ive  student to s ta f f  and 
demonstrator ra t ios  is  the amount o f  time spent marking reports on
experiments. This varied considerably from course to course. Usually 
between 0 and 40% of a member o f s ta f f 's  or postgraduate demonstrator's 
time was spent marking. In about a quarter o f  the courses no marking 
was done in the laboratory, in a th i rd  o f the courses both s ta f f  and 
postgraduate demonstrators did the marking and in a fu r th e r th i rd  
o f the courses only the s ta f f  did the marking.
3.3.32 Types o f sty les o f laboratory courses
3.3.3.21 Amount o f t ra d i t io n a l^ ,  open or problem
solving and pro ject work in laboratory courses.
Table 3.22 shows the amount o f 'openness' in laboratory courses a t the 
d i f fe re n t  leve ls .
TABLE 3.22
TYPE OF
first YEAR 
GROUP
SECOND YEAR 
GROUP FINAL YEAR
EXPERIMENT n °/lo n % n %
A ll t r a d i t io n a l /  
None open
82 99 30 52 4 10
< 25% expts open 0 0 16 28 6 15
> 25% & < 50% open 0 0 1 2 1 3
> 50% & < 100% open 0 0 10 18 8 20
100% open 1 1 1 2 21 53
Number o f course including pr
2'o jec t work
Part o f  course 
p ro jec t work 0 0 5 9 15 38
A ll p ro jec t work 0 0 1 2 11 28
T
n = number o f courses
% = percentage o f course w ith in  year group
"open" = open, problem solving or p ro jec t work
These terms are defined in the questionnaire (see appendix to Chapt. 3).
The proportion o f projects in th is  survey is thought to be sub s ta n t ia l ly
lower than the proportion in the to ta l population because Heads o f 
Departments were asked to indicate members o f s ta f f  who might be w i l l in g  
to complete the questionnaire with respect to courses which they 
organised. The questionnaire has therefore been completed mainly by 
s ta f f  organising courses rather than pro jec t work.
The amount o f open, problem solving or pro ject work in the f i r s t  year 
group is  minimal re f le c t in g  the strong emphasis on teaching the basic 
s k i l l s  needed to work in the laboratory and on i l lu s t r a t in g  lectures 
(see section 3 .3 .2 .3 ).
There is  s l ig h t ly  more open, problem solving and pro ject work in the
second year group but only 22% of the courses consist o f h a l f  or more
o f th is  type o f work. The s l ig h t  increase in open types o f p rac tica l 
work re f le c ts  the s l ig h t  increase in emphasis on aims in areas C and D 
noted in section 3.3.2.3 . The main emphasis, however, remains on basic s k i l l  
and i l lu s t r a t in g  the lecture m ateria l, aims which can be achieved by 
t ra d i t io n a l  laboratory work.
The number o f courses providing open or problem solving work in the 
2nd year group o f courses appears to have increased since Smythe's 
survey in 1973^ and T ie tze 's  survey in 1972 (see section 3.21).
There is  a sudden t ra n s i t io n  to the use o f open, problem solving and
pro ject work as the main s ty le  of laboratory work in the f in a l  year 
re f le c t in g  the increased emphasis on aims in areas C and D (see section
3 .3 .2 .3 .)
A number of factors appear to be a ffec t ing  the amount o f  open work used 
in degree courses
I t  is  not c lear from Smythe's f igures what percentage o f departments 
provided open-ended experiments in the 2nd year: 30% o f the
un ive rs it ies  and 25% of the polytechnics stated s p e c i f ic a l ly  tha t 
they had open-ended experiments in the 2nd year, but 79% o f  the 
u n ive rs it ies  and 92% o f the polytechnics provided open-ended 
experiments where appropriate.
1. Aims
Trad it iona l courses are f e l t  to be appropriate fo r  achieving and 
emphasising the basic s k i l l s  needed to work in the laboratory (area 
B and some aims in area C) and fo r  i l lu s t r a t in g  the lectures 
(area A). When aims such as tra in in g  students in experimental design 
(area C) or encouraging in i t i a t i v e  and resourcefulness (area D) are 
considered to be important more open work has to be used.
The find ings in section 3.3.2.5,however, ind icate a desire to put more 
emphasis on aims in areas C and D in an ideal s i tu a t io n . I t  appears 
tha t s ta f f  feel constrained to the more t ra d i t io n a l approach in the 
real s i tu a t io n .
2. S ta ff ing
One o f the factors which could be a ffec t ing  the a b i l i t y  o f s ta f f  to 
provide more open types o f work is  a shortage o f adequate s ta f f in g .
The courses in the 2nd year group which comprise h a lf  or more open 
or problem solving experiments tend to be s l ig h t ly  smaller than average 
(not s ig n if ic a n t  at 0.01 leve l)  and have a student : s ta f f  + demonstrator 
ra t io  which is  s ig n i f ic a n t ly  lower (a t the 0.01 leve l)  than other 
2nd year group courses, i . e .  more s ta f f  and demonstrators are used.
S im ila r ly  the f in a l  year non-project courses which comprise mainly 
open or problem solving types o f experiments have s ig n i f ic a n t ly  lower 
(a t 0.01 leve l)  student : s ta f f  + demonstrator ra t ios  than courses in 
e a r l ie r  years (section 3 .3 .3 .17).
ur CUUKbL lb UPtN) COURSES WITH THE WHOLE 2ND YEAR GROUP
Student:Staff Size:Number
+ Demon. o f students
Mean S.D. n Mean S.D. n
A ll second year group courses 10.3 3.9 57 27 15 57
Open second year group courses 8.8 2.1 12 20 9 12
Projects which require ind iv idua l supervision obviously also make greater 
demands on s ta f f  time than t ra d i t io n a l laboratory courses.
3. A b i l i t y  o f students
Many of the s ta f f   ^ f e l t  tha t students were unable to tackle open or 
problem solving work in the f i r s t  and, to some extent, in the second 
year because they had not ye t lea rn t the necessary basic p rac tica l 
s k i l l s .  I t  is  c lea r, however, from the large number o f successful open 
or problem solving courses reported in the l i te ra tu re  tha t th is  is  a 
fa l la c y  (see Section 2 .2 .2 .2 ).
3.3.3.22 In tegration o f lecture and laboratory courses
Out o f the 170 courses (not including projects) described in the 
questionnaires only 9(5%) claimed to be integrated with the lectu re  
courses and 4 claimed p a r t ia l  in teg ra tion .
Five o f the 'in teg ra ted ' courses were in the 2nd year group and the 
f in a l  year group. In a l l  these 5 courses d i f fe re n t  students did d i f fe re n t  
experiments at the same time, and one would suspect tha t th is  severely 
l im ited  the amount o f in teg ra tion . One o f  the courses was, in fa c t
 ^ Nine out o f the seventeen interviewed
followed up and is  the case study V. The amount o f in tegra tion  was 
found to be l im ited  to the laboratory course running concurrently with 
the lecture courses supplemented by 2 Calchem programmes which were 
studied in the laboratory.
In two of the 4 integrated courses,in the 1st year group, the students 
studied the same experiment at approximately the same time, whereas in 
the other 2 courses students did d i f fe re n t  experiments a t the same time.
The respondents fo r  the la t t e r  2 courses described how in tegra tion  was 
achieved without the students having to work through the experiments 
at the same time.
1. One course achieved in tegra tion  by using a wide range o f  teaching 
methods: " ind iv idua l work, group work experiments, t u to r ia ls ,
graphical in tegra tion  type ca lcu la tions, short observation/conclusion 
type experiments, tape-slides and programmed learn ing ."
2. The second course was run fo r  3 weeks at the beginning o f  term 1
and 2\ weeks at the beginning o f term 2, followed immediately by
examinations. The practica l element o f the course was small and
practica l work was only used when seen as appropriate. The 
course was run in eleven 2\ day un its (8 hours per u n i t ) .
Informal lectures were followed by problem c la s s / tu to r ia l  sessions w ith one 
one tu to r  to about .15 students.
Clearly in tegra tion  o f  lecture and laboratory courses is  d i f f i c u l t  to 
achieve p a r t ic u la r ly  i f  in s u f f ic ie n t  apparatus is  available fo r  the whole 
class to work on the same experiment at the same time. I t  has, 
however, been found to be possible in the two courses described above by:
(1) the extensive use of ind iv idua lised  learning materials 
or
(2) a complete departure from conventional t im etabling.
3.3 .3.3 . Methods o f teaching and learning w ith in  the courses
This section examines the methods o f teaching and learning tha t were 
a u x i l ia ry  to the actual p rac tica l work.
The relevant section o f the questionnaire is  included below:
11. Below is  a l i s t  o f d i f fe re n t  ways o f learning tha t are
a u x i l ia ry  to the actual p rac tica l work. Please rate each 
way o f learning on the scale according to i t s  importance 
in the course:
1 = Not important 5 = Very important
(a) Practica l demonstrations to a l l ,  
or a large part o f the class, by 
s ta f f  or postgraduate demonstra­
tors  .
(b) Ins truc t ion  sheets
(c) Ind iv idua l in s tru c t io n  by postgrad­
uate demonstrators, given to the 
student when required
(d) Ind iv idua l ins truc t ion  by the 
s ta f f ,  given to the student 
when required
(e) Help given by one student to 
another
( f )  Text books or period ica ls
(g) Video-tapes
(h) Tape-slides
( i )  Other (please specify)
( j )  Other (please specify)
N ot
Important
1
Very
Important
The mean and standard deviations o f  the ratings fo r  a to f  are shown 
in Table 3.24 fo r  each year group.
TABLE 3.24
YEAR GROUP I YEAR GROUP 2 FINAL YEAR NON-PROJECT
Mean S.D. n Mean S.D. n Mean S.D. n
a 2.5 1.5 85 2.2 1.4 56 2.4 1.6 29
b 4.6 0.8 85 4.3 0.9 57 4.2 1.2 30
c 4.4 0.9 74 4.1 1.1 47 4.0 1.4 25
d 4.5 0.9 85 4.6 0.6 57 4.6 0.8 30
e 2.6 1.2 85 2.7 1.0 55 3.1 1.0 29
f 2.4 1.3
.
85 3.0 1.2 57 3.4 1.1 30
1. The main a u x i l ia ry  teaching is  done through ind iv idua l in s tru c t io n  
by s ta f f  (d ) ,  ins truc t ion  sheets^(b) and ind iv idua l in s tru c t io n  
by postgraduate demonstrators (c) when they are present.
2. Help given by one student to another (e) is  thought to be qu ite  
important. (The increase in importance from year group I to 
the f in a l  year group is  not s t a t is t i c a l l y  s ig n if ic a n t  a t the 0.01 
le v e l) .
3. Textbooks and period ica ls play an increasingly important ro le  as the 
courses become more advanced. (The increase in importance from year 
group I to year group 2 and to the f in a l  year group is  s ig n i f ic a n t  
at the 0.01 le v e l ).
Tietze (165) reported widespread use o f ins truc t ion  sheets in 1973
4. The amount which demonstrations (a) are used varies considerably 
from course to course. Demonstrations are used s ig n i f ic a n t ly  
less in 1st year group Physical Chemistry laboratory courses 
than in the rest o f the laboratory courses in the 1st year group. 
This is  obviously re lated to the sequencing o f experiments 
described in Section 3.3.3.13.
Table 3.25 shows tha t when demonstrations were used they were often 
thought to be an important component o f the laboratory course.
TABLE 3.25 IMPORTANCE OF DEMONSTRATIONS
Rating
1ST YEAR GROUP 2ND YEAR GROUP FINAL YEAR 
NON-PROJECT
n % n % n %
1 33 39 29 52 15 52
2 13 15 10 18 3 10
3 18 21 4 7 4 14
4 8 9 7 13 2 7
5 13 15 6 10 5 17
n = number using the p a r t ic u la r  ra ting 
% -  % using the p a r t ic u la r  ra ting  in the year group.
5. The responses o f the 2nd year group were analysed to determine 
whether there were any s ig n if ic a n t  differences between the 
courses which consisted wholly o f t ra d i t io n a l experiments and 
those which contain some open or problem solving working. The 
only s t a t is t ic a l l y  s ig n if ic a n t  difference (a t the 0 .0 1 ' leve l)  
was fo r  (a). Demonstrations were used a lo t  less in courses which
included open work (Mean = 2.1, S.D. = 1.3) than wholly t ra d i t io n a l  
courses (Mean = 3 .6 ,  S.D. = 1.5).
6. Table 3.26 shows tha t audio-visual media such as videotapes
and tape-slides ra re ly  play an important ro le in the labora tory .
TABLE 3.26 DISTRIBUTION OF RESPONSES FOR 11 g & h
1
Rating 2
(Number o f ^ 
s ta f f  g iving 
each ra ting ) ^
5
1ST YEAR GROUP 2ND YEAR GROUP FINAL YEAR NON-PROJECT
Video­
tapes
Tape- 
sl ide
Video­
tape
Tape- 
sl ide
Video­
tape
Tape- 
sl ide
73
8
4
0
1
73
8
3
2
0
42
6
8
1
0
45
6
• 6 
0 
0
26
1
3
0
0
27
2
1
0
0
% courses
using medium 15% 15% 26% 21% 13% 10%
% courses
using both 9% 19% 7%
media
I t  is  in te res ting  to note the large proportion o f the courses using both 
video-tapes and tape-s lides.
6. S ta f f  mentioned a var ie ty  o f other teaching methods and materia ls 
used in response to questions H i  and j .  They are shown overlea f 
in Table 3.27.
TABLE 3.27 TEACHING METHODS OR MATERIALS
Frequency of 
response
(1) Lectures: in troductory lec tu res, explanatory
lectures 8
(2) Computer assisted learning (physical courses) 4
(3) Seminars and tu to r ia ls  3
(4) Films 3
(5) Molecular models (organic courses) 2
(6) Problem classes using data obtained from l i te ra tu re  1
(7) Specimen data fo r  in te rp re ta t io n  1
(8) Programmed books 1
(9) Photographs of apparatus assembly 1
(10) Question sheets 1
(11) Preliminary questions to be answered before s ta r t ing
experimental work 1
(12) In troduction by l ib ra ry  s ta f f  in l i te ra tu re  searching 1
(13) Compilation o f a l i te ra tu re  survey on a set top ic 1
3 . 3 ,4 . Recent changes and developments
Recent changes and developments in laboratory work were investigated 
in two ways as described in Section 3.1.
The responses from the Heads o f Departments in un ive rs it ie s  and 
polytechnics and from academic s ta f f  show s im ila r  trends and are grouped 
together in the fo llow ing analysis. The number o f responses included
in the analysis is :
Heads o f Department (or Coordinator o f Lab. work) 31
Members o f s ta f f  61_
T O T A L  92
3.3 . .4.1. Content
The strongest trend in undergraduate chemistry laboratory courses 
(29 respondents) is the inclusion o f more instrumental techniques, 
p a r t ic u la r ly  spectroscopic techniques, throughout the degree 
course.
14 respondents mentioned changes in the subject matter covered by 
the laboratory courses:
(a) to re f le c t  advances in chemistry (5 respondents)
(b) to re f le c t  changes in the lectu re  courses (4 respondents)
(c) to include more s ta t is t ic a l  treatment o f errors (3 respondents)
(d) to include more biochemistry (2 respondents).
9 respondents said tha t there was now closer in tegra tion  or 
co rre la t ion  between the laboratory and theory courses.
11 respondents said tha t th e i r  laboratory courses had been 
reorganised in order to lessen the d is t in c t io n s  between the 
t ra d i t io n a l branches o f chemistry and in order to present chemistry 
as an integrated subject in the laboratory. This mainly took place 
in f i r s t  year courses (see Section 3 .3 .3 .11).
Four of the respondents reported tha t th e i r  courses had been 
changed back to a more t ra d i t io n a l pattern. One o f the 
respondents said tha t th is  had arisen because i t  seems to be the 
only way to ensure that a l l  the students do cover most o f the 
practica l s k i l l s  required in the overall degree programme.
Another respondent pointed out tha t the lecture courses had not been 
integrated therefore got 'out o f phase' with the lec tu re  courses 
which was unsatis factory.
(5) 7 respondents said tha t they had produced courses where the
d i f fe re n t  parts were linked together more coherently in integrated 
sequences'.
3 .3 .4.2 . Changes in the s ty le  o f laboratory courses
(1) Projects
10 respondents reported an increase in the amount o f p ro jec t work 
used in the laboratory programme and 4 of these noted an increase in the 
use o f p ro ject work in p re - f in a l years.
(2) Open or problem solving work
10 respondents reported an increase in the amount o f open or problem 
solving work. 4 o f them specified tha t more open work was being used 
in the f i r s t  2 years.
The f ind ings in (1) and (2) are in agreement w ith the trends noted in the 
l i te ra tu re  survey in Section 3.2.1.1 .
3 .3 .4 .3 . Changes in the teaching methods and materials used w ith in  
the courses.
Five respondents said tha t e f fo r ts  had been made to streamline th e i r  
laboratory courses so tha t students got the maximum benefit out of 
the time spent in the laboratory.
A fu r th e r  4 respondents reported a reduction in the amount o f time
available fo r  laboratory work w h i ls t  one reported that more time had been 
a l lo t te d  to his laboratory course. I t  would appear from the paucity 
of comments about th is  issue tha t the trend to reduce laboratory time 
noted between 1966 and 1972 (see Section 3.2.1.4) has now slowed or 
stopped.
Other changes are as fo llows:
(1) 5 respondents had introduced computer assisted learning in to  
the laboratory. In te rac tive  computer terminals were being used 
to ass is t students in revis ing theory fo r  experiments, in planning 
experiments and in working out resu lts .
(2) 5 respondents had made ca lcu la ting  f a c i l i t i e s  ava ilab le to the 
students to ass is t in working out re su lts .  Calculating f a c i l i t i e s  
included desk top computers and ca lcu la to rs , on l in e  computing 
f a c i l i t i e s  with a terminal in the chemistry department and use o f
a central un ive rs ity  computer.
(3) 6 respondents mentioned increased use o f audio-visual materia ls 
p a r t ic u la r ly  videotapes and tape-s lide .
(4) 6 respondents, 5 o f them teaching on f i r s t  year courses, said tha t 
the manipulative a b i l i t y  o f students entering th e i r  courses
was now very low and so more emphasis had to be placed in th is  
area. One o f them used videotapes in order to teach basic 
s k i l l s  and techniques.
(5) 4 respondents had introduced tu to r ia ls  or seminars re la ted to the
practica l work; 3 o f them so that students could present and 
discuss th e ir  resu lts  and conclusions and one o f them in 
order to introduce the practica l work fo r  each session.
(6) 3 members o f s ta f f  had introduced group experiments. In two 
of the courses students pooled th e ir  resu lts  whereas in  the 
th i r d ,  students planned, discussed and carried out th e ir  
experiments as a group.
(7) 6 respondents had reduced the length o f the write-up required 
from students. 5 o f them had produced in s tru c t io n  sheets or 
manuals which l e f t  a space fo r  students to f i l l  in th e ir  
re su lts ,  ca lcu la tions and discussion o f the re su lts .  One 
respondent, however, was proposing to go back to the previous 
scheme o f in s is t in g  that students w rite  up a f u l l  account o f 
each experiment in order to improve students' a b i l i t y  to 
communicate.
(8) Respondents from 4 polytechnics said tha t they had replaced 
practica l exams by continuous assessment. C learly the move 
away from practica l exams which was reported in Section 3.2 .1.3 
is  continuing.
3.3.4.4. Summary
The main changes in undergraduate chemistry laboratory courses have 
been in th e ir  content. This has changed in order to keep up with 
advances both in the theore tica l and in the practica l and technical 
aspects o f chemistry. There is  also more emphasis on re la t in g  the
la b o ra to ry  and th e o re t ic a l  courses.
The trend towards more open, problem solving and pro ject work 
continues. This would be expected considering the dissonance 
between the aims of an ideal courses noted in Section 3 .3 .2 .5 .
More use is being made o f technical aids to teaching i . e .  ca lcu la to rs , 
computers and audio-visual materia ls.
3.4 Conclusions, Discussion and Recommendations
3.4.1 Relationship between aims and laboratory s ty le
This section explores the re la tionsh ip  between d i f fe re n t  aims and 
the methods used to achieve them.
Many of the differences in emphasis between the aims in the present 
courses and the aims o f ideal courses can be accounted fo r  by the 
l im ita t io n s  o f the p a r t ic u la r  laboratory styles being used 
(Section 3 .3 .2 .5 ) .  I t  would therefore seem reasonable to make the 
assumption tha t the emphasis put on the aims is  affected by the 
l ike lihood  o f these aims being achieved. I f  th is  assumption is  
made i t  is  possible to draw conclusions about the types o f aims th a t 
s ta f f  feel can be achieved in d i f fe re n t  styles of laboratory courses.
Table 3.2 8 outlines the re la t ionsh ip  between aims and the overall 
laboratory s ty le  being used to achieve them. Also given in 
Table 3.2 8 are the years in which the laboratory sty les were mainly 
used.
TABLE 3.2 8
Aim Laboratory
s ty le
Year o f 
course
28, 31
\
1st year 
Most 2nd year2, 6, 7, 17 Traditiona l
N X  y
, 18, 19, 22, 26
21
11, 16 - >
Open
Problem solving
Some 2nd year 
3rd year
Project 3rd year
24, 25, 29, 30
The aims included above are those which are considered to be 
important in the present courses (see Section 3 .3 .2 .3 ).
The fo llow ing conclusions can be drawn from Table 3.2 8 :-
(1) The re la tionsh ip  between laboratory sty les and aims is
confused by the fa c t  tha t there is  a progression o f laboratory 
sty les through the d i f fe re n t  years o f the courses. Some o f 
the aims are therefore more obviously re lated to the year o f 
the course, rather than the s ty le  of the course:
(a) Aim 31 (and possibly Aim 28) is  obviously more 
important e a r l ie r  in the course when s ta f f  and students do not 
know one another very w e ll.
(b) Aims 6, 7 and 17 are not emphasised in pro jec ts , 
presumably because i t  is  f e l t  tha t such basic s k i l l s  should have 
been taught e a r l ie r  in the degree course.
(2) There are no aims (with the possible exception o f aim 28) which 
s ta f f  feel can only be achieved by t ra d it io n a l laboratory work.
A problem o f using tra d it io n a l courses to i l lu s t r a te  lecture 
materials (aim 2) was mentioned by 5 members o f s ta f f  in 
interviews and is  also mentioned in the l i te ra tu re .  Students 
often tend to work mechanically in the laboratory simply 
fo llow ing ins truc tions  without th ink ing . This problem seems 
to be in t r in s ic  to the nature o f t ra d it io n a l laboratory work: 
f iv e  of the s ta f f  interviewed mentioned tha t i f  an 
experiment 'd id  not work' or students had d i f f i c u l t i e s  with i t  
they would a l te r  the experiments to make i t  ' fo o lp ro o f ' .  I t  
appears tha t experiments tha t are designed s p e c i f ic a l ly  not to 
go wrong often require l i t t l e  thought in th e ir  execution.
This problem is  examined in more de ta il in the case studies in 
the next chapter (See also Sec. 2 .2 .2 .1 .2 .) .
(3) S ta f f  feel tha t aims 18, 19 and 26 are underemphasised in  year 
group 1 t ra d i t io n a l courses (Section 3 .3 .2 .5 , Table 3.1 0 ) , 
ind ica ting  a possible weakness o f t ra d i t io n a l courses in  these 
areas.
(4) Most of the aims which are underemphasised in area C occur in  
t ra d i t io n a l courses and c le a r ly  require open or problem 
solving work to achieve them e.g. aims 11, 16, 14 and 15.
(5) S ta ff  feel tha t projects are p a r t ic u la r ly  su itable fo r  
a t t i tu d in a l  aims. This is  the only s ty le  o f laboratory work 
in which i t  is  f e l t  that they are not underemphasised.
(6) One aim which is  f e l t  to be underemphasised in the f in a l  year 
is  aim 23. This is  not important in any o f the three laboratory 
s ty les .
I t  appears tha t a s h i f t  o f emphasis to areas C and D would be possible 
w ithout lessening the emphasis on aims tha t are already considered 
to be important by using more open, problem solving and pro jec t work.
More open kinds of p ractica l work, however, have more favourable 
student: s ta f f  and demonstrator ra tios  (Section 3.3.3.2 1). I t  is  
probably s ig n if ic a n t  tha t in  the years when there is  more open work 
the q u a l i ty  o f supervision is  also improved with postgraduate 
demonstrators being used less and s ta f f  being used more (Sections 
3.2.2.2 and 3.3.3.1 7).
I t  appears tha t 'open' types o f p ractica l work therefore demand more 
in terms o f both amount o f s ta f f  to student contact and in the 
q u a l i ty  of tha t contact. In order tha t more 'open' work can be 
introduced in to  laboratory courses, they w i l l  have to be run more 
e f f ic ie n t ly .
3.4.2 Possible ways of improving the e ff ic ie n cy  of 
laboratory courses
This survey was designed mainly to e lucidate the s ta f f 's  perception
of aims of chemistry laboratory courses and how the courses are 
organised. The va r ie ty  o f methods used w ith in  the three basic 
laboratory s ty les , however, do suggest a number o f possible ways of 
improving the e ff ic ie n cy  o f both t ra d i t io n a l and open types of 
laboratory courses.
The suggestions below are re lated to three areas:
(1) Improving the q u a l i ty  o f contact between students and s ta f f  and 
postgraduate demonstrators by (a) improving the preparation o f 
the teachers on the courses p a r t ic u la r ly  the postgraduate 
demonstrators, and (b) re lie v ing  the s ta f f  and demonstrators o f 
some o f the more routine in s tru c t io n  by using a lte rna t ive  
methods.
(2) Using methods o f teaching and learning which w i l l  encourage 
the development o f the s k i l l s  which are not encouraged by 
present methods (p a r t ic u la r ly  aims in  Area C).
(3) Using methods which allow the laboratory and theory courses to 
be more c lose ly re la ted.
3.4.2.1 Improving the q u a l i ty  o f contact between
students and s ta f f  and postgraduate demonstrators
(a) One of the most important factors l im i t in g  the effectiveness o f 
present courses is  the q u a l i ty  of teaching given by postgraduate 
demonstrators. Short tra in in g  programmes could be in s t i tu te d  w ith in
departments that would both fa m il ia r is e  postgraduate demonstrators 
w ith the content o f the courses and with the basic pedagogical 
s k i l l s  needed in the laboratory. The la t te r  aspect is  o f 
considerable importance in open or problem solving experiments 
where postgraduate demonstrators can encourage the students to solve 
the problems fo r  themselves, rather than simply supply answers to 
questions.
In many un ive rs ity  departments postgraduate students spend in the 
region o f 200 or 300 hours demonstrating over 3 years. I t  would 
seem tha t a short time spent in i n i t i a l l y  t ra in ing  the postgraduate 
demonstrators would be amply repaid by the increased effectiveness 
o f th e i r  teaching.
(b) The q u a l i ty  o f the in te ractions between students and s ta f f  
and demonstrators could also be improved by re lie v ing  the s ta f f  
and demonstrators o f much o f the routine teaching. The fo llow ing 
methods are cu rren tly  in use in chemistry laboratories in the U.K .: -
(1) Computer assisted learning is  being used both to re la te  
the theory to the experimental work (aims in area A, 
p a r t ic u la r ly  Aim 2) and to help students to plan 
experiments fo r  themselves (aims in area C, p a r t ic u la r ly  
Aims 11, 12, 15 and 16 ).1
(2) Programmed learning and audiovisiual m ateria ls , p a r t ic ­
u la r ly  videotapes and tape-slides are being used to
1 Computer assisted learning at Sheffie ld Polytechnic, North London 
Polytechnic, Trent Polytechnic and H err io t Watt U n ivers ity .
introduce the relevant theory (aims in area A, p a r t ic u la r ly  
Aim 2)
(3) Audiovisual materials are also being used to replace
ind iv idua l in s tru c t io n  by s ta f f  and demonstrators about
basic practica l s k i l l s  and techniques (aims in area B,
3
p a r t ic u la r ly  6 and 7).
(4) Prelaboratory lec tu res, demonstrations and tu to r ia ls  are 
also being used instead o f ind iv idua l in s tru c t io n  by 
s ta f f  and demonstrators to discuss the theory o f the 
experiments and the techniques being used in the 
experiments (aims in areas A, B and C).^
(5) Some departments are reducing the length o f the write-up 
required from students. Some have produced in s tru c t io n  
sheets or manuals which l e f t  a space fo r  students to f i l l  
in th e ir  re su lts ,  ca lcu la tions and discussion o f the 
re su lts .  This ine v itab ly  means tha t the quantity o f 
marking is  reduced.
3.4.2.2 Encouraging the development o f sp e c if ic  s k i l l s
One aspect o f the ins truc tiona l environment o f which l i t t l e  use is  
made a t present is  the help that students give one another. Pairs and
2 Programmed learning at Sheffie ld  U n ive rs ity , St Andrews U n ivers ity  
Audiovisual aids e.g. at Sheffie ld  Polytechnic, St Andrews U n ive rs ity , 
Swansea U nivers ity .
3 Audiovisual aids e.g. at Sussex U n ivers ity , Leeds Univers ity .
4 Lectures: Essex U n ivers ity , Belfast U n ivers ity , UMIST, Dundee 
U n ive rs ity , Imperial College London, Keele U n ivers ity , H err io t 
Watt Un ivers ity
Demonstrations:- Huddersfield Polytechnic
T u to r ia l :  York U n ivers ity , North East London Polytechnic
groups usually appear to be used in practica l work when there is  
in s u f f ic ie n t  apparatus or space fo r  students to work in d iv id u a l ly  
(Section 3.3.3.1 2) and s ta f f  feel tha t the amount tha t students 
learn from one another is re la t iv e ly  unimportant (Section 3 .3 .3 .3 ).
In a small number o f departments post-laboratory seminars or tu to r ia ls  
e.g. Universities of St Andrews and Exeter, are used. These would be 
p a r t ic u la r ly  useful fo r  achieving aims to do with data processing 
(area C, Aims 16, 19, 20, 21, 23) in addition to re in fo rc ing  the 
theore tica l aspects o f the work (area A).
Another method used to emphasise data processing is  to supply students 
with specimen data to process (e.g. UMIST, Queen Mary College London, 
North East London Polytechnic). I f  students perform an experiment 
as a group th is  w i l l  obviously help to achieve aims in area E (Aims 32 
and 33) as well as necessitating discussion o f the experiments and 
resu lts  (Aim 23, area C).
3.4.2.3 More re la tionsh ip  between laboratory and 
theory courses
I t  is  apparent tha t the in teg ra tion  o f laboratory and lecture courses 
is  d i f f i c u l t ,  especia lly  at higher leve ls , and must l im i t  the 
effectiveness o f the laboratory fo r  i l lu s t r a t in g  the lectures (Aim 2) 
(see Section 3.3.3.2 2). Two courses have shown, however, th a t more 
in tegra tion  is  possible i f  a wide va r ie ty  o f teaching materials is  
used or i f  the timetabling fo r  the laboratory and theore tica l 
components o f the course is  ra d ic a l ly  restructured (Section 3 .3 .3 .2  2).
The growth in the use o f ind iv idua lised learning materials e.g. audio-
visual materials and computer assisted learn ing, in the laboratory 
could well help to produce more in tegra tion  between lecture and 
laboratory courses: Ind iv idua lised learning would enable students
to synchronise th e i r  theore tica l and practica l work more : When 
students are taught as groups synchronisation is  usually re s tr ic te d  
by timetabling d i f f i c u l t i e s .
C H A P T E R  4
EVALUATIONS OF UNDERGRADUATE CHEMISTRY LABORATORY COURSES -
SIX CASE STUDIES
This chapter describes evaluations of six chemistry laboratory courses. 
F i r s t  the methodology of the evaluations is  discussed and then the s ix  
evaluations are described in chronological order o f the evaluations 
being carried out. The d e ta i ls  o f the methods of evaluation used are 
described in each evaluation report.
4.1 A paradigm fo r  laboratory course evaluations
4.1.1 The types o f data being collected
The lack o f data about the d i f fe re n t  ways in which laboratory courses 
are organised, means tha t i t  was impossible, at the s ta r t  o f  th is  
study to define the important variables a ffec t ing  student learning 
in the laboratory. Gross differences between laboratory courses, 
such as the differences between t ra d i t io n a l and open laboratory 
courses, have been described in the l i te ra tu re  but the subtle e ffec ts  
of the large number o f variables w ith in  the courses have not been 
described.
In th is  study i t  was decided to study a small number o f laboratory 
courses in depth, in order to describe the e ffec ts  of the va r iab les , 
w ith in  the d i f fe re n t  laboratory s ty les , on student learning. I t  was 
also decided to study a number of completely d i f fe re n t  laboratory 
styles in order to examine in de ta il the effec ts  o f the gross 
differences between the courses. In add it ion , courses in d i f fe re n t  
in s t i tu t io n s  were studied in order to gain an understanding o f the 
e ffec ts  of in s t i tu t io n a l  constraints on the courses.
The aim was to produce descrip tive reports which explained why
d i f fe re n t  laboratory courses were successful or unsuccessful. There 
was no question of sampling courses because the large number of 
variables would make th is  meaningless and there was no attempt made 
to control the d i f fe re n t  parameters w ith in  the courses.
The courses studied are b r ie f ly  characterised below.
Type o f lab. 
course
Described in 
section
Code
no
Type of 
students
Subject
area
Open 4.2 I Chem.II Inorganic
Trad. + open 4.3 I I Chem.Eng.I Org.+inorg.
Trad itiona l 4.4 I I I Chem. I Inorganic
Open (groups) 4.5 IV Chem.Eng.I Org.+inorg.
Trad itiona l 4.6 V Chem. I I Physical
Trad itiona l 
(u n it  lab .)
4.7 VI Chem.I+II Integrated Chem.
I t  is  envisaged tha t s ta f f  reading the reports would be able to use 
them in two ways:
( i )  S ta f f  with s im ila r  courses would be able to examine the find ings 
of the evaluations to gain ins igh t in to  how students learn in tha t 
kind of course. They would be able to see why certa in aspects o f 
the course promote learning and why other parts in h ib i t  learning and 
they would gain some ins igh t in to  the e ffec ts  o f changing some 
variables w ith in  the course^.
( i i )  S ta f f  who are not fa m il ia r  w ith th is  kind o f course would get
1 c . f .  Smith and Pohland (152), section 2.3.1.3
an idea o f how th is  kind o f course runs and what i t  achieves. In 
add it ion , by comparing the evaluations i t  was hoped to provide some 
summative information about the d i f fe re n t  types o f laboratory 
courses availab le fo r  achieving d i f fe re n t  groups o f  a im s \
In order to produce the appropriate descrip tive evaluation reports, 
i t  was decided to c o l le c t  data in many o f the areas outlined by
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Stake's (156) data matrix . The evaluations concentrate on the 
'transactions ' and 'outcomes' part o f the m atrix , but some information 
was also co llected about 'antecedents'.
(a) Antecedents
In the study o f the observed transactions i t  was found tha t some of 
the antecedents had an important e f fe c t  on the q u a l i ty  o f  teaching 
and learning in the laboratory and where th is  was true , these 
antecedents were studied. Examples o f antecedents o f th is  type were
( i )  whether students had s u f f ic ie n t  preknowledge to cope with the 
experiments and ( i i )  whether P.G. demonstrators were well enough 
prepared fo r  th e ir  ro le  in the laboratory.
(b) Transactions
The evaluations study how the courses were organised and the opinions 
of the partic ipants  were sought in  order to f ind  out the extent to 
which the way the course is organised, re f le c ts  the aims and to 
e lucidate factors which promote or in h ib i t  the achievement o f  the 
aims.
1 Kemmis (84a) describes th is  as a surrogate experience o f the course
2 See section 2.3.1.3
(c) Outcomes
The evaluations have id e n t i f ie d  the aims o f the courses and also 
what aims s ta f f  would l ik e  to achieve.in an ideal s itu a t io n .
Information has therefore been collected about intended outcomes 
and judgements about the adequacy o f these aims, but, because o f 
the imprecise nature o f these aims, i t  was d i f f i c u l t  to c o l le c t  
data re la t in g  to observed outcomes and the standards by which these 
outcomes were judged. I t  was, however, possible by examining the 
transactions to id e n t i fy  factors which were a ffec t ing  the achievement 
o f the aims.
In order to understand the data collected in these areas i t  was 
necessary to seek fo r  re la tionsh ips between the d i f fe re n t  items 
of data and to explain these re la tionsh ips . The methodology 
embodied in i l lu m in a t ive  evaluation offered a suitable means o f 
inves tiga tion .
4.1.2 A strategy fo r  data co llec t io n
The evaluations were carried out in four stages, based on those 
ou tlined by P a r le tt  and Hamilton (129) and Becker (9). The four 
stages are:
( i )  The evaluator becomes knowledgeable about the scheme. He co lle c ts  
data to define the problems and concepts to be investigated.
( i i )  The evaluator inquires fu r th e r .  He seeks more evidence to 
support o f re fu te  data co llected in ( i ) .  He seeks to quantify  the 
q u a l i ta t iv e  data collected in stage ( i )  and he looks fo r  re la t io n ­
ships between d i f fe re n t  areas of data.
( i i i )  The evaluator seeks to explain his observations in stages ( i )  
and ( i i ) .  He builds up a theore tica l model o f the laboratory course.
( iv )  In the fourth  stage the evaluator analyses the resu lts  and 
rechecks and rebuilds the theore tica l models by cross-checking a l l  
the data ava ilab le .
These stages do not necessarily occur in sequence because an 
evaluator may s t i l l  be seeking basic data about one area o f the 
course w h ils t  he is  already bu ild ing theore tica l models about 
other areas. In add it ion , the four stages may not necessarily 
occur w ith in  one laboratory course: The data gained from one
laboratory course may be used as the basis fo r  investigations in 
a la te r  course.
The stages embody the concept o f progressive focussing. As the 
evaluation moves from the exploratory observations to fu r th e r  
enquiries, i t  focusses progressively on important issues, thereby 
narrowing the width of the study and allowing important issues to 
be studied in depth.
Each stage w i l l  now be considered in more d e ta i l .
4.1.2.1 Stage ( i )
Some data was collected before going in to  the laboratory. F i r s t  
the educational l i te ra tu re  about laboratory courses was studied so 
as to define i n i t i a l  areas of enquiry^. A ll the ava ilab le
1 Smith and Pohland (152) ,  see sec t ion  2 .3 .1 .1
documentary evidence about each course was studied, such as ins truc t ion  
sheets given to students and in courses IV and VI minutes o f meetings 
in which the se tt ing  up o f the courses was discussed.
On entering the laboratory, basic data about the course was gathered 
by (a) observation
(b) discussion and interviews
(c) questionnaires
(a) Observations
Two strategies fo r  observation were used:
In course I ,  the evaluator attended the course f i r s t  as a pa rt ic ip a n t 
observer as a student, and then when the course ran fo r  a second time 
as a demonstrator. In courses I I  and IV the evaluator attended the 
course as a demonstrator. In a l l  these courses the dual ro le  o f  the 
evaluator, i . e .  as evaluator and p a r t ic ip a n t,  was known to the 
pa rt ic ipa n ts . Although the ro le  o f pa rt ic ipa n t observer gave the 
evaluator valuable ins igh t in to  the organisation o f the course and 
enabled him to qu ick ly establish rapport w ith the p a r t ic ip a n ts , i t  
was very demanding in terms o f time and l im ited  the depth in to  which 
some topics could be investigated^.
The second strategy fo r  observation is  what Schatzman and Strauss 
(146) describe as 'ac t ive  c o n t ro l ' .  The evaluator attended courses 
I I I ,  V and VI as a researcher. As well as observing he engaged the 
partic ipan ts  in conversation in order to obtain th e i r  opinions o f 
the courses.
1 c . f .  Schatzman and Strauss (146),  see sec t ion  2 ,3 ,2 .2
(b) In te rv iew s  and d iscuss ion
Basic data about the courses were also collected by interviews and 
discussions, although interviews and discussions tended to concentrate 
on stages ( i i )  and ( i i i ) .
(c) Questionnaires
Questionnaires were used to obtain data about predefined issues:
( i )  In each course an aims questionnaire was given to s ta f f  and students.
( i i )  Feedback sheets^ were also used extensively to f in d  out students1 
opinions o f the in te re s t ,  d i f f i c u l t y  and relevance to the lecture 
courses of spec if ic  experiments and to f ind  out what d i f f i c u l t i e s  
they had with the experiments.
( i i i )  Other questionnaires were designed to f ind  out sp e c if ic  pieces 
o f information, e.g. feedback sheets about audiovisual aids.
4.1.2.2 Stage ( i i )
The data co llec t io n  in th is  stage was based on three data sources:
(a) observation
(b) discussions and interviews
(c) ad hoc questionnaires
1 Much o f the information collected by these feedback sheets was 
su itab le  fo r  improvement of ind iv idua l experiments, but is  not 
relevant to the summative reports described in th is  chapter. 
Only relevant information has been included.
(a) Observation
In courses I and I I  the re la tionsh ips between students and s ta f f /  
demonstrators and amongst students was found to have an important 
e f fe c t  on the success o f the courses. In courses I I I , .  V and VI 
observation was therefore used to quantify student, demonstrator 
and s ta f f  a c t iv i t ie s  in the laboratory.
At in te rva ls  o f about h a lf  an hour or an hour observations were 
made o f what a l l  the d i f fe re n t  people in the laboratory were doing 
and o f the types o f in te rac tion  between the d i f fe re n t  people in  
the laboratory.
(b) Discussion and interviews
Discussions and interviews f e l l  in to  two types:
Type 1: These interviews lasted about h a lf  an hour to an hour and 
covered a wide range o f issues. S ta f f  interviews were usually held 
in th e ir  rooms and student interviews in informal gathering places 
such as coffee bars. The interviews were mainly non d ire c t iv e  so 
tha t interviewees would reveal issues in the courses which were 
important to them. An interv iew schedule was used but interviewees 
were only asked spec if ic  predefined questions i f  the discussion had 
not included them. The interviews were therefore used to focuss 
the a tten tion  o f the evaluator on issues which were important to 
the partic ipants  and to seek fo r  re la tionsh ips between spe c if ic  
items of data. This type o f in terv iew was also used to provide 
data fo r  stage ( i i i ) .
Type 2: These interviews or discussions were shorter, las t in g  less 
than 15 minutes and were much more spec if ic  in content. They were 
usually held in the laboratory at times convenient to the interviewees 
and were held with s ta f f ,  demonstrators, technicians and students.
This type o f in terv iew sought c la r i f i c a t io n  o f spec if ic  a c t iv i t ie s  
and sought q u an t if ica t ion  of data in small areas o f the evaluations.
Most o f the interviews in the evaluations were o f type 1. Almost 
a l l  interviews were tape-recorded.
In course V due to the poor response rate to questionnaires interviews 
replaced questionnaires as the primary data source fo r  q u a n t if ica t io n .
(c) Ad hoc questionnaires
These questionnaires were designed to obtain data about issues which 
had already been defined in e a r l ie r  parts o f the evaluations, e.g. 
in terv iews, and in e a r l ie r  evaluations. The questionnaires sought 
to quantify  the data and to seek fo r  re la tionsh ips between the data.
Some questions were designed to cross-check the v a l id i t y  and 
r e l i a b i l i t y  o f data found in other parts o f the evaluation and other 
open questions were designed to check the v a l id i t y  o f the focussing 
taking place, to make sure tha t a l l  the important issues were being 
studied.
Some data fo r  stage ( i )  were also gathered by these questionniares 
but th is  was not th e i r  primary function .
Ad hoc questionnaires were also used fo r  stage ( i i i ) .
4 .1 .2 .3  Stage ( i i i )
In th is  stage the evaluator sought to explain the re la tionships 
between items o f data and to bu ild  up a theore tica l model o f the 
laboratory course. Partic ipants were therefore asked to explain 
th e ir  actions and opinions in type 1 interviews and .in ad hoc 
questionnaires.
The emphasis in the data co l le c t io n  gradually sh ifted  from stage ( i )  
to stage ( i i i )  as the evaluations succeeded one another and as the 
process o f focussing became more advanced.
4.1.2.4 Stage ( iv )
During the evaluations the evaluator made judgements about the 
choice o f issues to be investigated. The choice o f issues was 
d ictated by the kind o f information required from the evaluation 
and by the views o f the partic ipants  o f the important issues 
a ffec ting  the teaching and learning process in the laboratory.
Having selected the issues to be investigated the evaluator then 
collected data from which he could s ta r t  to bu ild  theore tica l 
models. Stage ( iv )  was used to tes t the v a l id i t y  o f the 
conclusions reached and to present the reader with a descrip tive  
report in which an account is  given o f the data on which the 
conclusions are based.
Much o f the data used in the evaluations was subjective and based 
on small numbers o f respondents. Some ind iv idua l items o f data
are therefore unre liab le  i f  they are examined by themselves. The 
importance o f stage ( iv )  is  to l in k  these ind iv idua l items o f data 
in to  a coherent whole, so tha t items o f data from d i f fe re n t  sources 
can be cross-checked against one another^.
The f i r s t  part o f stage ( iv )  was, therefore , to arrange the data in 
an accessible form so tha t a l l  the data relevant to a p a r t ic u la r  
theory or concept could be scrutin ised and cross-ckecked.
The second part o f stage ( iv )  was to report the find ings in such
a form tha t the data on which the conclusions are based are subject
?
to scru tiny . In order to do th is ,  the sources and strength o f 
the data used have been supplied in the evaluation reports.
The strength o f i l lu m in a t ive  evaluation l ie s  in the a b i l i t y  o f the 
evaluator to make pragmatic decisions about the issues to be 
investigated and the methods o f inves tiga tion . The decision making 
capacity o f the evaluator does mean, however, tha t there is  a 
p o s s ib i l i ty  of evaluator bias in the selection o f data fo r  inc lus ion 
in the evaluation report and the in te rp re ta t io n  o f the data. Two 
safeguards e x is t in stage ( iv )  to reduce observer bias:
(a) The reader is  able to sc ru t in ise  the data and the conclusions 
reached in the report.
(b) Opinions o f s ta f f  involved in the course about the evaluation
1 This is called tr ia ngu la t ion  by Webb e t al (173)
2 e.g. the strength o f the data may be indicated by the number o f
students giving a p a r t icu la r  opinion expressed as a percentage
of those asked a p a rt icu la r  question.
reports can be sought. In a l l  cases s ta f f  f e l t  tha t the evaluation 
gave a f a i r  descrip tion o f the courses.
4.2 An evaluation of a second year inorganic laboratory course 
- Course I
This is  the f i r s t  o f the s ix  case studies described in th is  chapter. 
As fa r  as possible the method o f reporting the case studies has been 
standardised so as to make comparison between d i f fe re n t  case studies 
easier. . At the beginning o f each case study there is  an index as 
to i t s  contents.
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At the time o f the evaluation in the 1973/74 academic year the course 
had been running fo r  three years and was novel in  that i t  was an open 
or problem solving course.
In the second year o f the chemistry degree course students were 
divided in to  two groups. Each o f the groups studied a physica l, 
an inorganic and an organic chemistry laboratory course but in a 
d i f fe re n t  order from the other group. I t  was thus possible to
evaluate the inorganic laboratory course f i r s t  du rng the autumn
term o f 1973 and then again in the la t t e r  part o f the spring term
and the early  part o f the summer term o f 1974.
4.2.1 Methods o f evaluation
The sources o f data fo r  the evaluation, the times when the p a r t ic u la r  
data sources were used and the stages in the evaluation to which they 
are mainly re la ted , are outlined below. A ll relevant questionnaires 
and in terv iew schedules are included in Appendix A.4.2.
Autumn 1973
Total  number o f  students a t tend ing  course = 16
Total number o f s ta f f  attending course = 3
Total number o f P.G. demonstrators attending course = 3
Data source Time o f use Response Stage o f  ^evaluation
(1) Documentary evidence 
Ins truc tion  sheets giver 
to students
(2) Observation 
Part ic ipan t observation 
as student
(3) Interviews (type 1)
(a) 3 s ta f f  (100%)
(b) 3 P.G.demonstrators 
( 100%)
(c) 16 students ( 100%)
Students
(a) aims questionnaire
(b) aims questionnaire
(c) ad hoc questionnaire
S ta f f  and demonstrator aims 
questionnai re
p r io r  to and 
during course
throughout
course
from middle 
o f course 
to end
beginning course 
end o f course 
end o f course
end o f course
a l l
a l l
a l l
4->3O
c
CD
>
•r—
cn
16
16
16
-O
cucS-
+->cui-
oc
16
16
16
cu
COE
oQ-
COCU
S-
100
100
100
83
(i)
( i )
( 1)
( i )
( 1)
1 See sec t ion  4 .1 .2
Spring 1974
Total  number o f  students = 19
Data sources Time o f use Response Stage o f evaluation
(1) Documentary evidence
(a) Ins truc t ion  sheets 
given to students
(b) Marking schedules 
fo r  2 experiments
(2) Observation 
P artic ipan t obser­
vation as demonstrator
(3) Interviews (type 1)
9 students (47%)
(4) Questionnaires
throughout
course
throughout
course
from middle 
onwards
+->a
o
cn
(a) aims questionnaire
(b) aims questionnaire
(c) feedback sheets
beginning course 
end o f course 
a f te r  each 
experiment
19
19
83
CD
toc
oQ.
CO
CL)
i .
14
9
41
cu
toc
o
C l
CO
CUs_
74
47
49
( i ) 1 
(i) (11)
( i )
( i i ) ( i i i )
( i )
(i)
(i)
1 See sec t ion  4 .1 .2 .1
4 .2 .2  Aims1
4.2.2.1 Aims of the actual course 
The stated aims o f the course were:
( i )  To bridge the gap between the ind iv idua l tra in in g  o f the f i r s t  
year and the research requirements o f the in d u s tr ia l year and f in a l  
year chemistry.
( i i )  Where possible, to supplement the second year lecture course.
The aims questionnaire gives a good ind ica tion  o f what these aims
2meant in practice to the pa rt ic ipan ts . The s ta f f  and students 
were in quite good agreement about the aims of the course. The 
main emphasis was on areas B and C and to some extent E.
Area B
Aim 6 : To teach basic practica l s k i l l s  and techniques 
Aim 7: To fa m il ia r is e  students with some important instruments 
and devices
Area C
Aim 19: To develop students' a b i l i t y  to make deductions from
1 An aims questionnaire was used to evaluate opinions about the aims 
o f the course. A fte r the experience gained in th is  evaluation 
the aims questionnaire was modified and where possible the aims 
are numbered according to the modified questionnaire: This is  the
aims questionnaire included as a fo ld  out in Chapter 2.
2 Out of the 27 aims there was only one s ta t i s t i c a l l y  s ig n i f ic a n t  
d ifference (a t the 0.05 leve l)  between the mean ra tings o f the two 
groups o f students. This would be expected randomly anyway and 
so the two groups have been aggregated fo r  th is  comparison.
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experimental data and to in te rp re t experimental data 
Aim 22: To t ra in  students in w r i t in g  reports on experiments
Area E
Aim 31: To provide closer contacts between students and academic s ta f f .
Other aims in areas B (e.g. aim 8 ) ,  C (e.g. aim 11) and D (e.g. aim 
24, 25) were also considered to be quite important (see graph 4 .3 .1 ) .
There were some differences between the s ta f f  and students' perceptions 
of the course:
Students thought tha t the course was try in g  to teach theore tica l 
material not included in lectures and tu to r ia ls  (aim 1 ) and found 
the problem-solving aspects o f the course more challenging than was 
realised by s ta f f  (aims 11 and 16).
S ta f f  thought tha t an important aim o f the course was to stimulate 
the students' in te re s t ,  but students did not see th is  aS being so 
important.
4.2.2 Aims o f an ideal course
S ta ff  and students were generally agreed tha t the aims o f the present 
course were the r ig h t  ones and that they should be emphasised strong ly  
in an ideal course (Graph 4 .2 .2 ) . In addition s ta f f  and students 
f e l t  tha t several aims in area C should be emphasised more s trong ly . 
S ta f f  thought aims 12, 16 and 18 should be emphasised more s trong ly  
and students thought aims 10 , 11 and 16 should be emphasised more
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s t r o n g l y . (Graphs 4 .2 .3  and 4 . 2 . 4 ) .
Students would also l ik e  to have seen a lo t  more emphasis put on 
s tim ula ting th e i r  in te re s t  (aim 26, area D), but s ta f f  feel tha t th is  
aim is  already important in the present course. I t  appears that the 
students do not f ind  the course as in te res ting  as the s ta f f  would
expect"
4.2.3 How did the course go about achieving the aims?
4.2.3.1 How was the course structured?
The course lasted fo r  8 weeks with three sessions o f 3 hours per 
week. The course ran twice in the 1973/74 academic year. The 
f i r s t  course in the Autumn term was attended by 16 students and 
the Spring/Summer term course was attended by 19 students. Three 
s ta f f  and 3 P.G. demonstrators demonstrated on the course, two fo r  
each practica l session.
4.2.3.1.1 Course content
The course was divided in to seven experiments which were to some 
extent interdependent. Each contained a proportion o f  preparative, 
ana ly tica l and general chemistry, and some involve instrumental 
measurements.
4 .2 .3 .1 .2  Resources 
(a) Written materials
The students were issued with an assignment sheet fo r  each experiment.
Most assignment sheets were divided in to  six sections:
( i )  In troduction
( i i )  Aims,e.g. - to  study the preparation o f the dextro isomer o f
an octahedral chelate complex and measure i t s  
optica l a c t iv i t y ;
- to become aware o f the property which enables a 
reso lu tion o f isomers to be made;
- to scale down a published experimental method.
( i i i )  Experimental
This gave an experimental ins tru c t io n  such as 'Prepare 2g o f 
d e x tro - t r is  (ethylene diamine) cobalt ( I I I )  io d id e ',  but 
usually gave no spe c if ic  experimental d e ta i ls .
( iv )  Discussion
This gave an ou tl ine  o f what theory should be included in the 
report on the assignment.
(v) References
The references to books or period ica ls in the l ib ra ry  contained 
experimental de ta i ls  and the theory needed to in te rp re t and discuss 
the experiment.
(v i )  Notes
These gave a b i t  more guidance on what to w r ite  in the report on 
the experiment
(b) People
Students could consult s ta f f  or P.G. demonstrators when they were 
ava ilab le . The s ta f f in g  ra t ios  were
Autumn Spring/Summer
student : s ta f f 16:1 19:1
student : demonstrator 16:1 19:1
student : s ta f f  + demonstrator 8:1 10:1
(c) Apparatus
Students were provided with basic glassware but other items were 
ava ilab le from the store on request. Much o f the instrumentation 
used was in laboratories adjacent to the second year teaching 
labora tories.
4 .2 .3 .1 .3  A c t iv i t ie s
Before s ta r t in g  each experiment students often had to consult the 
l i te ra tu re  to derive appropriate experimental procedures. A fte r  
carrying out the practica l work in the laboratory they had to w r ite  
a f u l l  report on each experiment which included a discussion o f the 
re su lts ,  fo r  which i t  was again necessary to consult references in 
the l ib ra ry .
S ta f f  and P.G. demonstrators divided th e i r  time between the fo llow ing  
a c t iv i t ie s :
( i )  Supervising the students in the laboratory
( i i )  Discussing experiments with the students
( i i i )  Teaching the students how to operate various instruments
( iv )  Marking students' reports
(v) Discussing students' reports with them.
4.2 .3 .1 .4  Assessment
The students were assessed on the basis o f w r it te n  reports. For 
two experiments there were ob jective marking schemes but these 
were only used by three staff/demonstrators. Most marking was 
therefore sub jective.
4.2.3.2 How did the partic ipan ts  react to the course?
4.2.3.2.1 Reactions o f students
(a) In te rest
The end o f course questionnaire showed tha t students (I)^found the
2course in te res ting  and more in te res ting  than previous courses .
A s im ila r  level o f in te re s t is indicated by students ( I I )  in the 
feedback sheets:
1 Throughout th is  section students who did the course in autumn 
1973 w i l l  be referred to as students I and those who did i t  in 
spring/summer 1974 as students I I .
2 In the questionnaire 10 students (63%) said tha t they found the 
course e ith e r quite in te res ting  or stim ula ting and in interviews 
10 thought i t  was more in te res ting  than previous courses.
TABLE 4.2.1
Spring/summer 1974 Students ( I I )
Experiment^ B A2 3 5
1
6 7
n 19 3 19 19 19 19
Response rate 14 2 5 8 7 4
% response rate 74 - 32 42 37 -
X a X a X a X a X a X a
D i f f ic u l t y 2.7. 0.8 2.0 - 2.7 0.9 3.1 0.6 3.3 0.7; 3.3 -
In terest 3.1 0.8 4.5 - 3.5 0.5 3.8 0.8 2.4 0.9 3.3 -
Relevance 3.4 0.5 4.0 - 2.5 0.8 4.0 1.0 2.9 0.8 2.0 -
x = Mean o f ra tings a = Standard deviation 
Experiment A2 was only done by 3 students.
The level o f in te re s t  o f the experiments varied. Students ( I )  were 
2
asked which experiments they found most in te res ting  and which they 
found least in te re s t in g . The resu lts  are shown below in Table 4.2 .2.
TABLE 4.2.2
Autumn 1973 Students ( I )
Experiment Most in te res ting  (no.of students)
Least in te res ting  
(no. o f students)
No.of students 
having d i f f i c u l t i e s
A1 0 6 3
B 1 3 0
3 7 4 5
A4 4 2 1
5 11 0 4
6 0 3 4
7 1 2 1
1 The course was modified fo r  students ( I I ) .  Experiments A1 and A4 
were combined to form experiment A2.
2 Questions 2, 3, 6 in questionnaire
Students found experiment A1 u n in te r is t in g  because no thought was 
required whereas some students found experiment A4 un interesting because 
they had studied the work before a t school^.
Students on the whole found experiments 3 and 5 most in te res t in g .
2
Students l iked  the va r ie ty  o f experimental work included in  these 
experiments, i . e .  preparations, analyses and the use o f instrumentation.
3
They found the content in te res ting  and enjoyed using instruments and
4
techniques which were new to them .
Experiment 3 was not as c lose ly re lated to the lecture courses as 
experiment 5. This, together with the fa c t  tha t the in s tru c t io n  
sheets were not very c lear fo r  experiment 3 led to some students ( I )  
having d i f f i c u l t i e s  with th is  experiment (Table 4 .2 .2 ) . Three 
students, however, found studying the l i te ra tu re  fo r  th is  experiment 
most in te res ting  and found i t  in te res ting  to examine con trad ic tory  
theories in the l i te ra tu re  in the l ig h t  o f th e i r  experimental 
resu lts .
As a re s u lt  o f the c r i t ic ism s  of experiment 3 by students ( I )  the 
ins truc t ion  sheets were modified fo r  students ( I I )  and there were no 
complaints from students ( I I )  about the in s tru c t io n  sheets.
1 Questionniare, question 3: C students .(3o%)
2 Questionnaire, question 2, Experiment 3: 2 students; Experiment 5:
3 students
3 Questionnaire, question 2, Experiment 3: 4 students; Experiment 5:
4 students
4 Questionnaire, question 2, Experiment 3: 1 student; Experiment 5:
5 students.
(b) Relevance to lectures
Most students^ thought tha t the laboratory course was not c lose ly 
re lated to the lecture courses and s ta f f  and students were agreed
tha t there should be closer l inks  between the laboratory and lecture
2 3courses . Some students thought tha t th is  would give them a be tter
understanding o f what they were doing in the laboratory.
The course organiser agreed that id e a l ly  there should be a closer
re la tionsh ip  between the laboratory and lecture courses, but thought
4
tha t this, was very d i f f i c u l t  to achieve in practice .
The open nature o f the course, however, meant tha t students got 
resu lts  tha t they could not necessarily have predicted and tha t a 
lo t  o f background reading had to be done to meaningfully in te rp re t  
the re su lts . Students therefore had to study the relevant 
theore tica l material on an ind iv idual basis. This was one fac to r 
which contributed to the write-up taking such a long'.time (see section 
4 .2 .3 .2 .3 ) .
(c) Lack o f time
A problem which seems to have detracted from the success o f experiments 
3 and 5 in p a r t ic u la r ,  is tha t there were some organisational problems 
with the use of the chemical instruments. Students tended to do the 
experiments in roughly the same order and consequently needed to use
1 Students ( I ) :  Questionnaire, question 12: 9 students (56%) 
Students ( I I ) :  Feedback sheets; see Table 4.2.1
2 Section 4.2 .2.2
3 Questionnaire, question 13: 4 students (25%)
4 Interview
the instruments at about the same time as one another. This led to 
long queues and fo r  the U.V. spectrophotometer students had to wait 
on average 1 or 2 prac tica l sessions before they could use i t \
2Most o f students ( I )  complained tha t there was not enough time to 
do the experiments properly. This meant that i f  the students 
obtained poor re su lts ,  they did not have enough time to repeat the 
experiment and instead they ' f id d le d 1 th e ir  resu lts  .
I t  can thus be seen tha t the achievement o f some o f the important 
aims o f the course, such as aim 11 , ' to  develop students s k i l l  in 
problem-solving by experimental work ', was being l im ited  by 
organisational problems coupled with a high workload.
4
Students ( I I )  , however, said tha t they had enough time to do the 
experiments to th e ir  sa t is fa c t io n .  Three factors may have 
contributed towards th is  d i f fe re n t  reaction to the course: ( i )  Some 
o f the experiments had been modified to iron out d i f f i c u l t i e s  
encountered by students ( I ) .  ( i i )  Students ( I I )  were able to 
consult students ( I )  who had already done the course. ( i i i )
Students ( I I )  did the course at the end of th e ir  second year, whereas 
students ( I )  did i t  a t the beginning. Students ( I I )  had therefore 
spent more time doing both experimental and theore tica l work.
1 Observation
2 Interviews: 12 students (75%)
3 A ll students ( I )  interviewed admitted to f id d l in g  at least one 
o f th e ir  resu lts
4 7 out o f 9 students interviewed
4 . 2 . 3 .2 .2  S t a f f  and demonstrators
In an open or problem solving course o f th is  type i t  is  necessary fo r  
s ta f f  and demonstrators to be available to discuss the experiments 
with students and to help them with th e i r  problems. S ta f f ,  P.G.
demonstrators and students were therefore agreed tha t aim 31 was an 
important aim of the course: Aim 31: 'To provide closer contacts
between students and academic s t a f f ' .  (see section 4 .2 .2 .1 ).
Most o f students (1)^ did in fa c t f ind  the s ta f f  and demonstrators
to be he lp fu l.  There were, however, some problems:
2
( i )  Both s ta f f  and students thought tha t s ta f f  had in s u f f ic ie n t  
time in the laboratory to cope with a l l  the students' problems.
S ta f f  said tha t teaching students how to operate the various 
instruments used in the course was very time consuming and also 
tha t vast amounts o f time had to be spent marking. As a re su lt  
students tended to  consult one another instead o f s ta f f  and
3
demonstrators .
( i i )  Students could consult s ta f f  and demonstrators when they wished. 
Some students, however, f e l t  uneasy about asking s ta f f  and 
demonstrators to explain how to use the chemical instruments. They 
f e l t  tha t the s ta f f  thought tha t the students should know how to use
1 Questionnaire, question 10: 12 students ( I )  (75%)
2 S ta ff  in terviews; Student interviews: 6 students ( I )  (38%), 
4 students ( I I )  (44%)
3 Questionnaire, question 17, Students ( I )  interviews:
7 students ( I I )  (78%)
the instruments and therefore asked other students how to use them^.
This was not always sa t is fa c to ry  as some students never lea rn t how
2
to use the instruments properly .
( i i i )  Some s ta f f ,  P.G. demonstrators and students thought tha t the 
P.G. demonstrators were in s u f f ic ie n t ly  well prepared fo r  the course 
and tha t they did not know enough about the experiments to be 
marking them . Students also found tha t P.G. demonstrators did
4not know the answers to many o f the questions which they were asked .
4 .2 .3 .2 .3  How students coped with the open course?
(a) Doing the experiment
In order to derive su itab le experimental de ta i ls  each student had 
to study the ins truc t ion  sheets and sometimes some o f the references 
and to consult the various people available in the laboratory.
The table below shows the factors a ffec t ing  the choice o f
5
experimental methods fo r  students ( I )  .
TABLE 4.2.3
very
impor­
tan t
quite
impor­
tan t
im­
por­
tant
not 
usually 
important
not
impor­
tan t
(a) Using a method someone 
has already used 6 8 , 2 0 0
(b) Weighing up the d i f fe re n t  
p o s s ib i l i t ie s  in your mind 2 3 6 4 1
(C) Discussion with friends 4 9 0 1 2
(d) Discussions.with s ta f f /  
demonstrators 1 6 3 4 2
1 Interviews: 5 students ( I )  (31%)
2 Observation
3 Interviews: 2 s ta f f ,  1 P.G. demonstrator, 6 students ( I )  (38%)
4 Interviews: 6 students ( I )  (38%)
5 Questionnaire, question 17
I t  can be seen that students usually used a method that had already 
been used by some one else, but tha t in deciding whether to use a 
p a r t ic u la r  method, students thought tha t discussion with fr iends was 
important and tha t discussion with s ta f f  or demonstrators was ra ther 
less important. Students also attached some importance to weighing 
up the d i f fe re n t  p o s s ib i l i t ie s  in th e ir  minds.
On the whole, however, students did not feel tha t they had to use 
th e ir  i n i t i a t i v e  very much\
(b) The write-up and assessment
Having done an experiment in the laboratory students then had to 
w r ite  a report about the experiment which was used to assess th e i r  
work. Students were i n i t i a l l y  given l i t t l e  guidance about what to 
w rite  and several students commented tha t they dfd not know how
9
much they were expected to w rite  fo r  the f i r s t  experiment .
Although students did not usually feel tha t they were in a pos it ion
to judge what grade should be awarded fo r  each experiment, some 
3
students f e l t  tha t the grade tha t they had been given fo r  th e i r  
f i r s t  experiment was too low. This again indicates tha t students 
did not know what to w r i te .
A fte r each experiment had been marked there was usually some discussion 
between staff/demonstrators and each student. Students^ found th is
1 Questionnaire, question 18, Students ( I )  15 students (94%)
2 Feedback sheets: 3 students ( I I )  (15%); Questionnaire, question 6 ,
6 students ( I )  (38%)
3 Interviews: 4 students ( I )  (25%)
4 Interviews: 16 students ( I )  (100%)
discussion useful and thought that they had a be tte r idea o f what to 
w r ite  a f te r  they had had th e ir  f i r s t  experiment marked.
There was, however, some disagreement amongst s ta f f^  about the
importance of d i f fe re n t  aspects o f the report. Some s ta f f  thought
tha t not enough emphasis was placed on ge tt ing  accurate re su lts ,
whereas others thought tha t i t  was more important to be able to
in te rp re t  the resu lts . This disagreement was re flected in the
uncerta inty amongst students about the importance o f these aspects
of the experiment. Some o f the students ( I )  thought tha t making
accurate experimental readings was a very important aim o f the
2course, whereas othersthought i t  was only moderately important . 
S im ila r ly ,  students ( I I )  disagreed with one another about the
3
importance o f accurate resu lts  in the marking o f an experiment .
Marking schemes had been made up fo r  two o f the experiments, but 
these were only used by two P.G. demonstrators and one member of 
s ta f f .  More extensive use o f marking schemes would have helped 
to standardise the assessment.
The m a jo rity  o f the s ta f f  and students thought tha t the length of 
the reports on the experiments should be reduced^. The tab le  below 
shows the length o f time spent in the laboratory and the length o f
1 S ta f f  interviews and aims questionnaire
2 Aims questionnaire (Aim 8 = Aim 16 o f survey questionnaire)
very importantRating not important 1 2 3 4 5
No. o f students 1 2 7 1 5
3 Interviews: Estimates o f the proportion o f marks given fo r  
resu lts  varied from 35 to 65%
4 Interviews:- 12 students ( I )  (75%), 7 students ( I I )  (78%)
4 staff/demonstrators (67%)
time spent doing the w r i te - u p \
TABLE 4.2.4
Experiment No.of students responding
Time spent in 
the lab (hrs)
Time spent 
w rit ing -up (h rs )
X 0 x ; a
A2 23 5 - 6 -
B 14 9 3 6 3
3 6 11 4 7 2
5 8 10 3 11 4
6 6 11 3 7 3
7 4 6 2 5 1
I t  can be seen tha t students spent almost as long w r it in g  up the 
experiments as they spent in the laboratory.
Students spent a lo t  o f time w rit ing -up  the experiments in the l ib ra ry .
2
Most of students ( I )  looked up a l l  or most o f the references given 
in the ins truc t ion  sheets and the remainder o f the students tended to 
look up a lte rna t ive  references. Half o f the students ( I )  said tha t 
they had d i f f i c u l t y  in f ind ing  the books given as references in the 
l ib ra ry ,  because they had been taken out and h a lf  the students found 
some of the references e ith e r ir re le va n t or o f no use in helping them 
to write-up the experiments. As a re su lt  o f the comments o f  students 
( I ) ,  one reference, which was used as the basis fo r  the experimental 
method o f experiment 3, was photocopied fo r  students ( I I ) ,  thus
1 Information from feedback sheets
2 Questionnaire, question 14: 13 students (80%)
3 Only three students did th is  experiment
r e l i e v i n g  some o f  the congest ion in  the l i b r a r y .
Two members o f s ta f f  , however, suggested tha t the amount of time 
spent in the l ib ra ry  should be reduced by h a lf .
As has been pointed out, i t  was not made c lear to the students how 
much they were expected to w rite  and so students^ tended to w rite  
a lo t  in order to include everything which they thought might be 
re levant. This meant tha t reports were very lengthy and that as 
well as taking the students a long time to w r i te ,  they also took 
s ta f f  and demonstrators a long time to mark. This had the e f fe c t  
tha t s ta f f  and demonstrators had in s u f f ic ie n t  time fo r  a l l  th e i r  
other a c t iv i t ie s  in the laboratory and tha t s ta f f  also found them­
selves having to do a lo t  o f marking outside the laboratory.
4.2.4 Achievement o f aims
4.2.4.1 Factors a ffec t ing  achievement o f aims
This section examines some of the factors which have been found to 
be a ffec ting  the success o f the course.
(a) The fa c t  tha t the course was an open one meant tha t i t  was possible 
to achieve a wide va r ie ty  o f aims and tha t on the whole the s ta f f  and 
students were sa t is f ie d  with the width of the aims of the course.
1 Interviews: 3 students ( I I )  (33%) thought tha t c re d it  was given 
fo r  w r i t in g  a lo t .  4 students ( I I )  (44%) did not know how 
much to w r ite .
2 S ta f f  interviews
Students generally found the course in te res ting  and enjoyed the va r ie ty  
o f practica l and theore tica l material included in the course.
(b) S ta f f  and P.G. demonstrators had to be available to discuss the 
experiments with students. Since the experimental methods fo r  the 
experiments were not f ixe d , the range of questions and the range o f 
d i f f i c u l t i e s  which students encountered was greater than in a 
t ra d i t io n a l course. S ta f f  and P.G. demonstrators therefore needed a 
great deal o f expertise in practica l chemistry and also the pedagogical 
expertise to guide students through th e i r  experiments. Students, 
however, found that P.G. demonstrators did not have the necessary 
experti se.
(c) The wide va r ie ty  o f aims also meant tha t i t  was d i f f i c u l t  fo r  
s ta f f ,  demonstrators and students to decide what were the most 
important aspects of the experiments. This led to students having 
problems knowing what to w r ite  in th e i r  reports and in the students 
producing reports which were very long and took a long time to mark.
In add it ion , there was some disagreement amongst the s ta f f  and 
demonstrators as to what aspects o f the report were most important.
(d) In addition to guiding students through experiments and marking 
students' reports, s ta f f  and demonstrators had to teach students how 
to use the various instruments. Since the course was an open one, 
students worked at th e i r  own pace and needed to be taught how to use 
the instruments at d i f fe re n t  times from one another. S ta f f  and 
demonstrators therefore gave ind iv idua l ins tru c t io n  in the use of 
instruments.
(e) S ta ff  and demonstrators found that demands on th e ir  time were very 
high and as a re s u lt ,  students were sometimes unable to consult them. 
This led to some students not learning how to use the instruments 
properly as they received inadequate ins tru c t io n  from other students.
In addition students re lied  a lo t  on one another when deciding what 
experimental method to use. The openness of the course was therefore 
not as great as would seem from the ins tru c t io n  sheets, because where 
students might have been expected to use th e ir  in i t i a t i v e ,  they often 
consulted other students. Nevertheless, students had to make many 
more decisions about the experimental methods than in a t ra d it io n a l 
course.
Another fac to r which detracted from the problem solving nature o f the 
course was the fa c t  tha t students ( I )  had in s u f f ic ie n t  time to repeat 
experiments when they obtained poor re su lts .  Instead they ' f id d le d '  
th e ir  resu lts .
( f )  Students were allowed to do most o f the experiments in any order, 
but usually did them in the same order as one another, perhaps because 
they got help from one another. This led to organisational problems 
with too many people wanting to use the same instruments and the same 
books and period ica ls at the same time.
4.2.4.2 Extent o f achievement o f aims
(a) Students had practice in using various s k i l l s ,  techniques and 
instruments, but success in achieving aims in area B was l im ited  by 
the lack o f staff/demonstrator time.
(b) Aims in area C to do with problem-solving in the laboratory were 
only p a r t ia l ly  achieved because o f students consulting one another and 
because they had in s u f f ic ie n t  time.
(c) The large amount o f time tha t students spent making deductions 
from experimental data, in te rp re t ing  experimental data and w rit ing -up  
th e i r  experiments meant tha t the achievement o f aims in area C, 
re lated to these s k i l l s ,  was qu ite high.
(d) The course was quite successful in in te res ting  the students and 
required them to use th e ir  i n i t i a t i v e  to a l im ited  extent and was 
therefore quite successful in achieving the main aims of the course 
in area D.
(e) Achievement of aim 31 in area E was l im ited  because the s ta f f  and 
demonstrators were very busy but the students generally found the s ta f f  
and demonstrators to be he lp fu l.
4.2.4.3 Some possible improvements
4.2.4.3.1 Use o f s ta f f  and demonstrators
Two changes could be made to reduce the workload o f the s ta f f  and 
demonstrators:
(a) Time could be saved in teaching instrumental s k i l l s .  E ither 
groups o f students could be taught how to use the instruments a t the 
beginning of the practica l sessions, thus avoiding the necessity fo r  
repe tit ions  to ind iv idua l students, or students could be taught
instrumental s k i l l s  on an ind iv idua l basis by audio-visual m ateria l, 
such as videotapes.
(b) The amount o f time assessing students' work could be reduced by 
reducing the length o f students' write-ups.
(c) The e ff ic ie n cy  of P.G. demonstrators could be improved by giv ing 
them some form of tra in in g  to prepare them fo r  th e ir  ro le  in the 
laboratory.
4 .2 .4 .3 .2  The write-up and assessment
S ta f f  should agree what is  required fo r  the reports o f the experiments 
and what weighting should be given to the d i f fe re n t  aspects o f the 
reports. Students should then be given some e x p l ic i t  guidance about 
what to w r i te .  This would help to reduce confusion amongst students 
about what and how much to w rite  and would hopefully make reports 
more concise and easier to mark.
For some experiments, shortened reports coupled with discussions 
between staff/demonstrators and students could be used.
4 .2 .4 .3 .3  Order o f experiments
Various organisational problems arose from the fa c t  tha t students 
preferred to do the experiments at the same time as one another.
This could be overcome by re s t r ic t in g  student choice as to the order 
in which they did experiments. I t  is d i f f i c u l t  to p red ic t,  however, 
what e ffec ts  th is  would have on other aspects of the course, e.g.
the amount of help given by students to one another and the demands 
made on s ta f f  and demonstrator time.
4 .2 .4 .3 .4  Encouraging an inves tiga tive  approach
In order to encourage problem solving in the laboratory s u f f ic ie n t  time 
should be given fo r  students to repeat experiments and to investigate 
problems. Students should also be given c re d it  fo r  th e i r  e f fo r ts  
a t problem solving as well as fo r  th e ir  f in a l  report.
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The course was evaluated in the Spring term o f 1974. The course was 
part o f the chemistry teaching given to f i r s t  year chemical engineers. 
I t  included organic and inorganic chemistry and was organised by two 
members o f s ta f f ,  one who gave organic and the other who gave inorganic 
lectures to chemical engineers.
The course had remained unchanged fo r  several years, but th is  year's 
course was modified in order to make i t  more relevant to chemical 
engineers. One o f the purposes o f the evaluation was to monitor the 
e ffects  o f the changes. Further changes were made fo r  the 1975 course 
and th is  course is  described separately in section 4.5.
4.3.1 Methods of evaluation 
Details of the methods o f evaluation used are given below.
Total number o f students attending the course = 22
Total number o f s ta f f  attending the course = 2
Total number o f P.G. demonstrators attending the course = 1
Data source Time o f use Response
1
Stage o f 
evaluation
( i ) Documentary evidence 
Ins truc tion  sheets given 
to students
p r io r  to and 
during course - ( i )
(2) Observation
P artic ipant observation 
as a demonstrator
throughout 
the course - ( 1)
(3) Interviews
(a) 2 s ta f f  - interviews 
took the form of 
frequent informal 
discussion (types 1+2 
interviews)
(b) 4 students (18%)
(type 1 interviews)
before, 
during and 
a f te r  the 
course
near end 
of course 100%
( i ) ( i i ) ( i i i )
( i i ) ( i i i )
1 See sec t ion  4 .1 .2
Data source Time of use
i
Response Stage of evaluation
(4) Questionnaires
to students:
(a) aims questionnaire
(b) aims questionnaire
(c) ad hoc questionnaire
(d) feedback sheets about 
experiments
(e) feedback sheets about 
tape-s lide
to s ta ff/dem onstra to r: 
aims questionnaire
beginning course 
end o f course 
end of course 
throughout course 
a f te r  each expt.
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4.3.2 Aims^
4.3.2.1 Aims o f the present course
The stated aims of the course were:
(a) To i l lu s t r a te  certa in  topics connected with the lecture courses.
(b) To fa m il ia r is e  the students with laboratory.apparatus and instrumentation.
(c) To study some aspects o f chemistry in depth.
(d) To become fa m il ia r  with laboratory scale experiments w ith in  the con­
tex t o f the research and development requirements o f chemical engineers.
In th e i r  responses to the aims questionnaire s ta f f  and students showed 
tha t they were in quite close agreement about the aims which were 
emphasised most strongly in the present course (see Graph 4 .3 .1 ) .  These
1 As fo r  course I in section 4.2 the aims questionnaire used in the 
evaluation was subsequently modified. The aims in  th is  evaluation 
have been numbered according to the modified questionnaire wherever 
possible.Aims numbered according to the o r ig ina l aims questionnaire 
have been given the superscript o (e.g. 28 ) in the te x t  and have 
been placed in brackets on graphs.
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aims correspond close ly with the stated aims o f the course. The 
emphasis is  c le a r ly  on areas A (aims 2 and 3) and B (aims 6 , 7 and 9) 
and on aims s p e c i f ic a l ly  re lated to chemical engineering (aims 28° 
and 29°). Some aims in area C ( i . e .  aims 17 and 19) were also 
thought to be important.
There were some differences between s ta f f  and students' perceptions 
o f the course. S ta f f  thought tha t s tim u la ting students' in te re s t  
was an important aim o f the course, whereas students did not.
Students thought tha t more emphasis was placed on i l lu s t r a t in g  material 
taught in lectures (aim 2) and problem-solving (aim 11) ,  than did s ta f f .
4 .3.2.2 Aims o f an ideal course
Students were given an aims questionnaire at both the beginning and 
end o f the course and were asked to rate the importance o f each aim 
fo r  an ideal course. The mean o f the ra tings fo r  each aim in the 
two questionnaires have been compared and none o f the differences is  
s ig n if ic a n t  at the 0.05 leve l.
Graph 4.3.2 is a p lo t  o f the mean ratings fo r  an ideal course o f 
students (a t the end o f the course) against s ta f f  ra t ings . S ta f f  
and students agreed tha t the main emphasis o f the present course is  
r ig h t  and they would l ik e  the course to continue to emphasise aims in 
areas A and B and aims s p e c if ic a l ly  re lated to chemical engineers.
There is  some desire, however, by both s ta f f  and students, to put 
more emphasis on aims in areas C and D (see Graphs 4.3.3 and 4.3.4**).
The more important discrepancies between the aims o f an ideal course
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and the present course, fo r  s ta f f  and students, are l is te d  below in 
Table 4.3 .1.
TABLE 4.3.1
Aims fo r  which the mean ra ting  fo r  an ideal course is  > 3.0 and fo r  
which the dissonance value is  > 0.9.
Area o f aims A B C D E
S ta ff 2 8,9 18,19,22,23 24 -
Students - - 12,16,23 24,25
The students, and to some extent the s ta f f ,  thought tha t the course 
should be more open allowing students more freedom to th ink 
independently and become more involved in the planning o f experiments 
and in problem-solving.
The s ta f f  were p a r t ic u la r ly  concerned that more emphasis should be 
placed on keeping a day to day laboratory notebook, on making 
deductions from experimental data and in te rp re t ing  experimental 
data and on communicating experimental f ind ings both o ra l ly  and 
in w rit ten  form.
1 These graphs p lo t the dissonance values ( i . e .  the d iffe rence between 
the mean ra t ing  fo r  an ideal course and fo r  the actual course) 
against the mean ra t ing  fo r  an ideal course. The aims where the 
dissonance values are most s ig n if ic a n t  l i e  in the right-hand 
corner o f the graphs.
4 .3 .3  How did the course go about ach iev ing  the aims?
4.3.3.1 How was the course structured?
The course lasted fo r  10 weeks with one session of 3 hours per week 
and ran in the Spring term of 1974. I t  was attended by 22 students,
2 members o f s ta f f  and 1 P.G. demonstrator who was also the evaluator.
4.3.3.1.1 Course content
The course consisted o f s ix  experiments some o f which had been used 
in previous years. The table below gives b r ie f  de ta ils  o f each 
experiment.
TABLE 4.3.2
T i t le Change, i f  any, from previous years
s ty le  o f 
experiment
(1) Carbonyl compounds M o d if ie d -  new s c r ip t T rad it iona l
(2) Coordination compounds Unchanged Trad it iona l
(3) Acetanilide Radically redesigned Open
(4) Impurities in water Modified - new s c r ip t T rad it iona l
(5) Rad ioactiv ity New experiment T rad it iona l
(6 ) Ethyl acetate Unchanged Trad it iona l
Students worked in d iv id u a l ly  fo r  a l l  experiments except experiment 3 
in which they worked in groups.
The order in which i t  was proposed tha t the experiments should be done
and the approximate time needed fo r  each experiment are set out below.
1 (2 sessions)
2 (1 session)
ANY ORDER
3 (3 sessions) 4 (1 session) 5 (1 session)
6 (2 sessions) 1 session = 3 hours
4 .3 .3 .1 .2  Resources
(a) Written materials
Students were issued w ith ins truc t ion  sheets containing step-by-step 
ins truc tions  fo r  a l l  the experiments except experiment 3. For 
experiment 3 a flow sheet^ was issued to the students. This outlined 
the aims o f the experiment and the various practica l and instrumental 
s k i l l s  they would need to  learn during the experiment. In add it ion , 
the experiment was preceded by a ta lk  to explain the flow sheet in 
more d e ta i l .
(b) People
Students could consult s ta f f  or P.G. demonstrators when they were 
ava ilab le . The s ta f f in g  ra t ios  were:
student : s ta f f  11:1
student : demonstrator 22:1
student : s ta f f  + demonstrator 7:1
1 See Appendix A .4.3
(c) Audiovisual materials
This course was used to experiment w ith the use of three kinds of 
audiovisual material fo r  ind iv idua l learning in the laboratory, 
i . e .  videotapes, tape-slides and f i lm  - loops. Unfortunately the 
f i lm - 1oop was shredded by the pro jec to r on the f i r s t  showing to 
students and so only videotapes and tape-slides were used.
(d) Apparatus
Each student was supplied with a set o f glassware with which he 
could perform a l l  the experiments. Various chemical instruments 
were also ava ilab le fo r  use.
4 .3 .3 .1 .3  A c t iv i t ie s
Students were involved in four main types o f a c t iv i t y .
(a) For most o f the experiments students worked alone a t the bench, 
fo llow ing step-by-step ins truc t ions .
(b) For experiment 3 students were required to cooperate with 3 or 4 
other students in order to f ind  the optimum conditions fo r  preparing 
some ace tan ilide . At the beginning o f th is  experiment, in the fourth  
week o f the course, the students were brought together fo r  an 
explanation and discussion of experiment 3 and were organised in to  
groups.
(c) Students had to use various instruments in the teaching labora tory 
and in adjacent labora tories , mainly fo r  experiments 3 and 6 .
(d) When they wished, students were able to consult a videotape which 
demonstrated various methods o f f i l t r a t i o n  used in experiment 2 and a 
tape-s lide  which gave some background information re lated to experiment 
4.
The s ta f f  and demonstrators spent most o f th e ir  time in the laboratory, 
discussing experiments with students and teaching them how to use 
various instruments.
4 .3 .3 .1 .4  Assessment
Students were required to w rite  a report on each experiment. Students 
were not compelled to write-up the experiments immediately and most 
l e f t  the write-ups u n t i l  the end o f the course. The reports were 
marked sub jec t ive ly .
4.3.3.2 How did the students react to the course?
4.3.3.2.1 General reactions
Table 4.3.3 shows the mean ratings from the feedback sheets fo r  the 
6 experiments.
Students thought tha t most o f the experiments were quite in te re s t in g , 
p a r t ic u la r ly  experiment 3, were quite c lose ly  related to the lecture 
courses and were o f about the r ig h t  level o f d i f f i c u l t y .  Experiments 
1 and 5, however, were thought to be rather too easy and experiment 1 
was also rather un interesting.
TABLE 4 .3 .3
Experiment
no
.g
iv
en
 
ou
t
no
.r
e­
tu
rn
ed
1 % 
re
s­
po
ns
e d i f f ic u l ty In te r e s t . Relevance
X 0 X 0 X a
( i ) Carbonyl compounds 191 19 100 2.3 0.6 2.1 0.9 2.9 1.0
(2 ) Coordination compounds 19 12 63 2.9 0.5 2.9 0.6 4.0 0.6
(3) Acetanilide 19 10 53 3.2 0.4 3.7 1.2 3.8 1.4
(4) Impurities in water 19 10 53 3.2 0.8 3.5 1.1 3.7 1.3
(5) Radioactiv ity 19 16 84 2.0 0.4 3.1 1.2 3.6 0.9
(6) Ethyl acetate 17 12 71 2.9
i ■ ■ 1
0.9
.
3.4 0.8
—
3.0 1.2
1 = too easy 5 = too d i f f i c u l t  "x = mean
1 = boring 5 = s tim ula ting a = standard
1 = unrelated 5 = c lose ly re lated deviation
The four students interviewed gave favourable overall comments on the 
course and three o f them spontaneously commented that they thought the 
course should have been longer.
4 .3 .3 .3 .3  The sequential nature o f the course
I t  was intended tha t a f te r  the students had completed the f i r s t  two 
experiments they should be able to do e ith e r experiment 3, 4 or 5 next. 
I t  was, however, convenient to b r ie f  a l l  the students together, about 
the open experiment, experiment 3. Having been brie fed about the 
experiment students wanted to s ta r t  i t  immediately. Students, there-
Rating scales:
D i f f i c u l t y
In te res t
Relevance to 
lecture course
1 Average attendance = 19 students
fo re , tended to do the experiments in the same order. The fac t tha t 
students were a l l  doing the same experiments at the same time led to 
a number o f problems.
( i )  In experiemnt 1 there were in s u f f ic ie n t  bo tt les  o f chemicals 
and chemicals often ran o u t j
( i i )  In experiment 3 a l l  the students wanted to use the lim ited  
number o f chemical instruments ( I .R . ,  U.V. and G.L.C) a t the same time.
p
This led to queues forming and time being wasted . Some students did 
s ta r t  other experiments w h i ls t  waiting but nevertheless a lo t  o f time 
was wasted.
In add it ion , students had to be taught how to use the chemical 
instruments. Although students found tha t the s ta f f  and demonstrators
3
were generally helpful and were ava ilab le when needed , th is  was not 
so during experiment 3. This was because o f  the heavy demands made 
on s ta f f  and demonstrator time, both fo r  teaching students how to use 
chemical instruments and fo r  guiding the students through th is  open 
experiment. As a re su lt  some students were never taught by s ta f f  
or demonstrators how to use some o f the instruments (see section 4 .3 .4 ) .
1 Feedback sheets : 6 students ) 0 4. j  * • n  / aoo/\A . . . o . . , ( 8 students in a l l  (42%)Questionnaire : 3 students ) v '
2 Questionnaire : 5 students ) c ± . . n
Feedback sheet : 1 student ) 6 stude"ts in a l l  (31%)
3 Questionnaire, question 10; 4 students - very h e lp fu l,  8 students
helpful most o f the time; question 11 mean ra ting  = 4.1
4 .3 .3 .2 .2  Aud io -v isua l  m a te r ia ls
(a) Videotapes
In experiment 2, students viewed a videotape demonstrating the use o f 
a Buchner funnel, when they reached the relevant part o f the experiment. 
At f i r s t  students viewed the whole videotape, but large parts o f i t  
were ir re le va n t to the needsof students in th is  course and so la te r  
students only viewed the re levant parts.
S ta f f  thought tha t the videotape was ra ther longwinded and boring"* 
but tha t i t  included most o f the points which they wanted to teach.
Students found the videotape to be relevant to the experiment and
thought tha t i t  was quite an e ffe c t ive  method o f teaching them the
2
s k i l l ,  but did not f ind  i t  very in te res ting  . Seven students said 
tha t they wanted to see more videotapes included in the course, 
whereas four students did not. In an in terv iew one student pointed 
out tha t videotapes are a quick way o f teaching laboratory s k i l l s  
and save s ta f f  time.
(b) Tape-slide
The tape-s lide sequence was an explanation of the theory of analysis 
by atomic absorption and was intended to be linked with experiment 4. 
Unfortunately constra in tso f time prevented experiment 4 from being
1 S ta ff  interviews
2 mean ra ting
Relevance 4.0 1 = not re lated 5
In te res t 2.7 1 = boring 5
Effectiveness 3.6 1 = not e ffe c t ive  5
= c lose ly  re la ted 
= s tim u la ting  
= very e f fe c t iv e
expanded to include th is  technique and so i t  was not d i re c t ly  re levant
to the experiment. Nevertheless, students found i t  quite in te re s t in g ,
1 2 thought tha t i t  was well presented and was relevant to the course .
Students were, however, equally divided as to whether or not more
tape-slides should be included in the course.
(c) General comments
One problem with using audio-visual materials was the pos ition ing of 
the equipment. Placing the equipment in the laboratory caused 
' problems because students were d is tracted by what was going on 
around them. I t  was eventually decided to trans fe r a l l  the audio­
visual materials to an adjacent laboartory which happened to be free 
when the course was running.
The experimental nature o f the course meant tha t a l l  the audio-visual 
hardware had to be borrowed and transported from other parts o f the 
campus fo r  each laboratory session and then had to be returned a f te r ­
wards. This took up so much time as to be im practib le , and therefore 
necessitated a choice being made as to the most appropriate audio­
visual medium fo r  use in the laboratory. On the basis o f the f ind ings
•3
above, i t  was decided to use videotapes fo r  the fu ture  .
1 Feedback sheet on atomic absorption
2 Questionnaire question 14
3 The more extensive t r i a l s  o f videotapes in the 1975 course are 
reported in section 4.5.
4 . 3 . 3 .2 .4  Comments on s p e c i f i c  experiments
This section examines deta iled comments on p a r t ic u la r  experiments. 
Experiment 1
Two factors appear to have contributed to the low level o f  in te re s t 
of th is  experiment^. F i r s t ly ,  there were in s u f f ic ie n t  bo tt les  o f 
chemicals and students wasted time waiting fo r  them. Secondly, 
although the experiment was easy to perform in the laboratory, 
students did not understand the reactions involved very w e l l :  3 
students said tha t they had forgotten th e ir  chemistry and did not 
re a l ly  know what they were doing, 3 students said tha t they got 
unexpected resu lts  and 2 students said that they had d i f f i c u l t i e s  
f ind ing  explanations o f the reactions in textbooks (a to ta l  o f 8 
students (42%)). This poor understanding o f the chemistry of 
the reactions could also account fo r  the low mean ra ting  fo r  the 
relevance to the lecture course^
Experiment 3
The mean ratings from the feedback sheets^ show tha t the students 
thought tha t th is  experiment was the most in te res ting  one and was 
c lose ly re lated to the lecture courses. This was reinforced by 
comments from 4 students in the free-response section o f the feedback 
sheets, such as 'a very good experiment', 'a useful experience* and 
'obviously re lated to chemical engineering '.
1 See Table 4 .3 .3
Two factors appear to have been important in determining the success 
o f th is  experiment:
( i )  In the aims questionnaire students expressed a desire fo r  more 
open types o f experiments. This experiment was an open one.
( i i )  Students thought tha t i t  was worthwhile to learn the va r ie ty  
o f chemical techniques and the use o f the instruments included in 
th is  experiment^.
A number o f fac to rs , however, detracted from the success o f the 
experiment:
( i )  Students spent a lo t  o f time waiting to use instruments 
(see section 4 .3 .3 .2 .2 ) .
( i i )  Students had d i f f i c u l t i e s  w rit ing -up  the experiment. Much o f the
data fo r  the evaluation was collected before th is  experiment had been
w ritten-up . Nevertheless, 2 students commented tha t they had
2
d i f f i c u l t i e s  w rit ing -up  the experiment and 3 students said tha t 'they
3
had d i f f i c u l t i e s  coordinating th e i r  resu lts  with other students . 
C learly , there is  a need fo r  a meeting o f each o f the groups at the
end o f the experiment in order to have a f in a l  discussion.
Experiment 4
4
Nine students (90%) said tha t they were not able to t i t r a t e  to the
1 Feedback sheet: 1 student; Interviews: 2 students
2 Feedback sheet: 1 student; Interview: 1 student
3 Feedback sheets: 1 student; Interviews: 2 students
4 Feedback sheets
high degree of accuracy required or tha t i t  was d i f f i c u l t  to detect 
the end-point or get an accurate t i t r a t io n  re su lt .
In add it ion , 3 students thought that they were given the wrong grade 
fo r  th is  experiment. This is probably because they lo s t  marks fo r  
inaccurate t i t r a t io n s .
This points out the need fo r  more help to be given to the students 
so tha t they can obtain more accurate t i t r a t io n  resu lts  and fo r  more 
information to be given about the c r i t e r ia  used fo r  assessing th is  
experiment.
Experiment 6
There were a number o f problems with th is  experiment:
( i )  Safety was a problem. Of the 17 students doing th is  experiment,
3 students' experiments blew up. An examination o f student ra tings 
fo r  the importance o f aim 9 in the present course reveals a fa r  from 
normal d is t r ib u t io n :
Aim 9
4
No. o f  ^
students
2
1 -------
0     --------
1 2 3 4 5
Rating
The d is t r ib u t io n  indicates tha t some students were aware o f the problems
placed on the s a fe t y  aspects o f  the exper iments.
( i i )  There were again problems with queues forming to use the I.R. 
spectrophotometer.
( i i i )  Members o f s ta f f  commented that th is  experiment was superfluous 
as i t  included no more than was included in experiment 3. The 
experiment was, therefore , not included in subsequent courses.
4.3 .3.3 An analysis o f course content
The laboratory course was designed both to i l lu s t r a te  lectu re  material 
(aim 2 ) and to teach practica l s k i l l s ,  techniques and the use o f 
chemical instruments (aims 6 and 7). In order to guide the choice 
o f laboratory course content a matrix has been drawn up (Table 4 .3 .4 ) .
The matrix shows the ' th e o re t ic a l '  topics covered in the lectu re  
courses down the l e f t  hand side and the 'p r a c t ic a l1 topics across the 
top. In add it ion , a number o f p ractica l s k i l l s  and techniques tha t 
were considered to be important by the s ta f f  have been added to the 
l i s t  at the top o f the tab le : These are shown in brackets. The
examination papers fo r  1970, 1971, 1972 and 1973 have been analysed 
and each time a question occurred on a p a r t ic u la r  top ic in the m a tr ix ; 
tha t top ic was starred. The numbers in the matrix represent the 
experiments, showing which topics they included.
I t  can be seen tha t the laboratory course includes most of the 
practica l s k i l l s ,  techniques and instrumentation considered to be
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Chemical bonding *
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Coordination compounds** 4 4- 2
States o f matter
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Rad ioactiv ity * 5
A1kanes
Alkenes (Polyenes) * * * *
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Coal products *
Benzene (arom atic ity) ■k-k-k
Alkyl halides k
A1cohols k
Phenols
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A1dehydes k
Ketones k 1
' E s te rs kk 6 6 6 6 4 G 6 6 1
; CarboxyTic ] a cicls 3 3 3 3 3 3 3 3 3 1
Amines
Plastics
Soaps and detergents *
Catalysis *
Petroleum k
important with the exception o f molecular sieves. A useful area fo r  
development o f the course would be some organic experiments including 
a study o f e ithe r alkane, alkenes or benzene compounds and also 
including the use o f in fra -re d  spectroscopy and chromatography.
4.3.4 Outcomes
This section examines how successful the course was in achieving i t s  
aims.
( i )  Area A: aims 2 and 3
The data in Table 4.3.3 in section 4.3.3.2.1 ind icate tha t the 
laboratory course was quite c lose ly re lated to the lecture courses.
( i i )  Area B: aims 6 , 7 and 9.
(a) Laboratory s k i l l s  and techniques.
Table 4.3.4 shows mean student ratings fo r  success of the course in 
teaching spec if ic  s k i l ls '* .
TABLE 4.3.4
Number who could 
perform the s k i l l  
before the course
Number who could 
not perform the 
s k i l l  before course
Mean ra t in g  fo 
success in 
teaching s k i l l
( 1) F i l t r a t io n  using 
a Buchner funnel 9 (69%) 4 (31%) 4.0
(2 ) T i t ra t io n 11 (85%) 2 (15%) 2.0
(3) D is t i l la t io n  using 
q u ic k f i t .  app. 8 (62%) 5 (38%) 4.0
(4) Recrystal 1isa tion 6 (41%) 7 (59%) 3.6
1 Quest ionnaire  quest ions 1 and 2
The mean r a t i n g s  are f o r  those s tudents  who could not perform the
s k i l l  before the course.
Rating scale: Not a t a l l  successful = 1 
Very successful = 5
The course was thought to be quite successful in teaching a l l  four 
laboratory s k i l l s  except fo r  t i t r a t i o n .  I t  was assumed by the s ta f f  
tha t a l l  the students would be able to t i t r a t e  and so th is  s k i l l  was 
not system atically taught to the students.
(b) Use o f instruments
Table 4.3.5 shows the mean ra tings fo r  success in teaching the use of 
instruments^.
TABLE 4.3.5
Instrumental s k i l l n=13Success in teaching (mean ra t ing
(1) Melting point apparatus 4.7
(2) I.R . spectrophotometer 4.3
(3) U.V. spectrophotometer 2.8
(4) G.L.C. machine 3.8
(5) Refractive index apparatus 4.0
Detailed examination of the ra tings shows tha t two d i f fe re n t  students 
on each occasion rated (2 ), (4) and (5) as e ith e r 1 or 2 and four 
students rated (3) as 1 or 2. This indicates tha t these students 
missed the ind iv idua l t ra in in g  from the s ta f f  or demonstrators due
1 Quest ionnaire  quest ion 3
to shortage o f instruments or s ta f f  and demonstrator time (section 
4 .3 .3 .2 .2 ) .  On the whole, however, the course was thought to be 
successful in teaching the use o f the instruments.
(c) Safety factors
The problems with safety are mentioned in section 4 .3 .3 .2 .4 , experiment 6 . 
I t  should be noted, however, tha t special a tten tion  was given to 
safety in experiment 3, with de ta i ls  o f to x ic i t y ,  f lam m ability , e tc . 
o f the chemicals being given to the students.
( i i i )  Area C: aims 17 and 19.
These aims were not included in the stated aims o f  the course and no 
attempt was made to evaluate how successful the course was in achieving 
the aims.
( iv )  Aims re lated to chemical engineering: aim 28° and 29°.
(a) Aim 28°
Students were asked^ how successful experiment 3 was in achieving 
th is  aim. The mean ra ting  on a f iv e  point scale was 3.5. This 
experiment was, therefore , thought to be quite successful in achieving 
th is  aim, although there were problems with the w rite -up , as mentioned 
in section 4 .3 .3 .2 .4 .
Seven students also mentioned other experiments which they thought 
achieved th is  aim.
(b) Aim 29°
The four students interviewed said tha t they thought experiment 3 and 
perhaps experiments 4 and 5 were orientated towards chemical engineers
1 Quest ionnaire  quest ions 5 and 7
but  t h a t  experiments 1 and 6 were d e f i n i t e l y  not .
4.3.5 Conclusions and recommendations
(1) Although s ta f f  and students feel the main aims o f the course are 
the r ig h t  ones, they feel tha t there should be more emphasis on aims 
in areas C and D. The open nature o f experiment 3 allowed njore 
emphasis to be placed on aims in areas C and D during th is  experiment 
Students also thought tha t experiment 3 was the most in te res t in g  one 
in the course. I t  would, therefore , seem desirable to e ith e r expand 
experiment 3 or include another experiment o f s im ila r  s ty le .
(2) The open nature o f experiment 3 and the extensive use o f chemical 
instruments led to heavy demands on s ta f f  and demonstrator time 
during th is  experiment. I f  the use o f th is  type o f experiment is
to be extended, additional teaching resources w i l l  need to be made 
ava ilab le . The resu lts  from th is  evaluation ind icate tha t a su itab l 
way of supplementing the teaching given by s ta f f  and demonstrators 
would be to use videotapes fo r  teaching basic practica l s k i l l s  and 
techniques and how to use spec if ic  chemical instruments.
The use o f videotapes would also enable students to learn s k i l l s  and 
techniques when they wanted to , thus g iv ing them more f l e x i b i l i t y  in 
when they used p a r t ic u la r  instruments. This should help to reduce 
queues fo r  instruments. I t  would also overcome the problem of 
students missing in s tru c t io n .
(3) Various organisational problems must be overcome in order to 
reduce wastage o f students' time. For example, more reagent bo tt les
could be provided fo r  experiment 1 and the use o f  chemical instruments 
in experiment 3, could be staggered.
(4) Students need more guidance in the w rit ing -up  o f experiment 3. 
Students from each group need to meet at the end o f th is  experiment 
in order to co l la te  a l l  the data they have collected and in order to 
discuss th e ir  conclusions e ith e r with a member o f  s ta f f  or a 
demonstrator. Such a meeting would also be a valuable opportunity; 
fo r  s ta f f  or demonstrators to explain to the students the c r i t e r ia  
used fo r  assessing th e i r  work.
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The course was evaluated in the Spring term of 1975. I t  constituted 
one th ird  of the practica l work o f 1st year chemistry students, the 
other two th irds  being in courses of physical and organic chemistry.
The course was t ra d it io n a l in s ty le  and had remained unchanged fo r  
several years. The purpose o f the evaluation was to examine the 
effectiveness o f a t ra d i t io n a l course tha t was p r im ar i ly  orientated 
towards students acquiring p ractica l s k i l l s  and techniques in order 
to be able to compare i t  w ith the more innovative courses evaluated 
in section 4.2 and 4.3.
. . 4.4.1 Methods o f evaluation
Details o f the methods of evaluation are given below:
Total number o f students attending course = 28
Total number of s ta f f  attending course = 1
Total number o f P.G. demonstrators attending course = 4
TABLE 4.4.1
Data source Time of use Response
Stage o f 1 
evaluation
( i ) Documentary evidence 
Ins truc tion  sheets given 
to students
Prior to and 
during course
- ( i )
(2) Observation as a 
researcher
(a) General observation
(b) Observation o f s ta f f ,  
demonstrator and 
student a c t iv i t ie s
at in te rva ls
Throughout
course
Throughout
course
18 obser­
vations 
made on 
6 days
0 )
( i i )
(3) Interviews (type 1)
(a) The member o f s ta f f
(b) 2 P.G. demonstrators 
(50%)
(c) 6 students (21%)
Before course 
Towards end 
o f course 
Middle to end 
o f course
-
( i ) ( i i ) ( i i i )
( i i ) ( i  i i ) ' 
( i ) ( i i ) ( i i i )
1 See sec t ion  4 .1 .2
Data source Time o f use Response
Stage o f 
evaluation
(4) Questionnaires 
To students
(a) aims questionnaire
(b) ad hoc questionnaire
(c) feedback sheets
(d) assessment -j 
questionnaires
To s ta f f
aims questionnaire
End o f course 
12 weeks 
A fte r  course 
Throughout c. 
Experiments 
3 + 6
End o f course
N
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t
No
.re
- 
! 
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ne
d 
J
% 
Re
s­
po
ns
e
i
(D
t o
( i ) ( i i ) ( i i i )
( i )
25
28
152
19
1
1
13
21
116
12
1
72
75
76
63
100
4.4.2 Aims
4.4.2.1 Aims o f the actual course
There was quite good agreement between the member o f s ta f f  in charge 
o f the course and the students about many of the more important aims 
o f the course (see Graph 4 .4 .1 ).
The member o f s ta f f  and students were agreed tha t the emphasis o f the 
course was in area B (aims 6 , 7 and 8 ) with some emphasis on area C 
(aims 17, 19 and 22).
The member o f s ta f f  thought tha t aims in area A (aims 1, 3 and 4) 
were more important than did students ind ica ting  that the member o f 
s ta f f  was able to re la te  the practica l course to other areas o f
1 This was a t r i a l  o f th is  type o f questionnaire and i t  was therefore 
used with h a lf  the students fo r  experiment 3 and the other h a lf  o f 
the students fo r  experiment 6 , instead o f feedback sheets.
CLfO
S-CD
nd r-v> ^  c  -• ~ ^
X XX X. X X  X X
S *Ro-S 8 3  d
X XXXX XX X
4->o
03
4- -  , Wo d d c<
X  X XCO
E
co
o'
d
o'
H I 0  ^ - rf 8 S ^ c? o-x------ i -------x—X--X—X1 x1 xx—x---------x-J y
o
ib
o
034->OO
o
cb
o
ck
o  9  9  o
ib  *4* co
s iN a a n is
chemistry, whereas the students were not. The member o f s ta f f  also 
thought that aim 16 was more important.
Students thought tha t aim 11 was more important ind ica ting  tha t the 
students found the course more in te l le c tu a l ly  biassed than was intended 
by the member o f s ta f f .
The emphasis on area B was confirmed in s ta f f  and student in terv iews, 
in the feedback sheets and in the assessment questionnaire.
The member o f s ta f f  said tha t 'the main purpose o f the course is  to 
bring the students to a standard where they can handle apparatus in 
a way which w i l l  give them reasonable resu lts  and so tha t they can do 
the ca lcu la tions which fo l lo w '.
In interviews students said tha t they saw the aim o f the course as 
being to give them more practica l experience in order to improve 
th e ir  p ractica l s k i l l  and accuracy and to introduce them to new 
techniques and pieces o f chemical equipment.
In the feedback sheets 29% of the students' comments on the aims o f 
the experiments were connected with acquiring practica l s k i l l s  and 
techniques, with a fu r th e r 29% being connected w ith acquiring knowledge 
related to the practica l s k i l l s :
e.g. 'To gain knowledge o f the apparatus and how to f ind  i t s  accuracy' 
'To gain knowledge o f the applications o f gravimetric a n a lys is ! .
Another 10% o f the students saw the prac tica ls  simply as a process 
which they had to go through:
e.g. 'To prepare a coordination compound'
'To determine the concentration o f phosphate in an unknown phosphate'.
A fu r th e r  10% o f the students said tha t they did not know what the aims
of the p a r t ic u la r  experiments were.
Information obtained from assessment questionnaires confirmed the 
emphasis described above. Students thought tha t two items should 
be given s ig n i f ic a n t ly  more marks in the assessment o f experiments 
than the other s ix  items.^
Item 3: Accuracy o f resu lts  and q u a l i ty  o f samples.
Item 4: Organisation o f data and references drawn from data.
4.4.2.2 Aim o f an ideal course
4.4.2.2.1 Agreed aims of an ideal course
The member o f s ta f f  and students were agreed tha t the main emphasis
o f the course should l i e  in area B (aims 6 , 7, 8 ) with some aims in
other areas also being emphasised, i . e .  area A, aims 3 and 4; area C,
2aim 19; area D, aim 25 .
4 .4 .2 .2 .2  Areas o f disagreement
There was considerable disagreement between s ta f f  and students about 
the importance of some aims (see Graph 4 .4 .2 ) . Students thought
1 The mean number o f marks allocated to these two items was more
than one standard deviation greater than the means o f the other
i terns.
2 Aims 6 , 7, 8 , 19 and 25 were rated as 4.0 or above by s ta f f  and
students and aims 3 and 4 as g rea te r  than 3.5
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that the emphasis of the course should be much wider than did the 
member o f s ta f f .  Aims which students f e l t  should be more important 
(by 2 or more points on the ra ting  scale) than did the member o f s ta f f  
were:
Area A: aim 2
Area C: aims 10, 13, 14, 30
Area D: aims 24, 29
Area E: aims 33, 32
Three themes emerge c le a r ly  from these discrepancies:
( i )  Students would l ik e  more emphasis on the aims which would make 
the experiments more open, allowing them to experiment fo r  themselves
and have more control over what they do in the laboratory (areas C and D).
( i i )  Students would l ik e  more emphasis on cooperating with other 
students (area E).
( i i i )  Students would l ik e  the course to be linked more c lose ly  with 
the theory courses (area A).
In order to achieve many o f these aims there would have to be a sub­
s tan t ia l change in the s ty le  o f the laboratory course.
The member o f s ta f f ,  on the other hand, thought tha t aims 1, 4, 16 
and 17 should be emphasised more s trongly than did the students.
These were a l l  aims which could be achieved w ith in  the framework o f 
the ex is ting  course.
4 .4 . 2 .2 .3  D i f fe rences  between idea l  and actua l  course
The differences between the member of s ta f f  and the students about the 
o r ien ta t ion  tha t the course should take is  confirmed by a comparison 
o f the aims o f the actual course and those o f an ideal course fo r  both 
s ta f f  and students. Graphs 4.4.3 and 4.4.4 plot the dissonance values1 
against the mean ra ting  fo r  an ideal course.
The students feel tha t more emphasis should be placed on aims in area 
D ( i . e .  aims 24-29) and tha t there should be more emphasis on aims in 
area C to do with students experimenting themselves and designing and 
being in control o f the way in which th e ir  experiments are carried out 
( i . e .  aims 10, 12, 13, 14, 15, 18 and 19).
The member of s ta f f  feels tha t the course should continue to 
emphasise i t s  present aims, but even more s trong ly .
4.4.3 How did the course go about achieving the aims?
4.4.3.1 The structure of the course 
The course ran fo r  e ight weeks in the Spring term o f 1975. Each week
p
there was one 7 hour session las t ing  from 10.00 a.m. u n t i l  5.00 p.m. 
The students could take breaks as they f e l t  appropriate. The course 
was attended by 30 students fo r  whom there was an a l loca tion  o f one 
member o f s ta f f  and two demonstrators. The one member o f s ta f f  was
1 Dissonance value = Mean ra ting  fo r  aims o f ideal course minus
mean ra ting fo r  aims o f actual course
2 Although the students found a 7 hour session in the laboratory 
physica lly  very t i r i n g  they preferred i t  to two 3 hour sessions 
because they f e l t  tha t they could get more done.
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responsible fo r  the course fo r  the whole day w h ils t  the two post-graduate 
students acting as demonstrators in the morning were replaced by another 
two post-graduate demonstrators in the afternoon. The students were 
expected to work through 6 to 8 experiments during the course.
4.4.3.1.1 Course content
The course content was selected in order to i l lu s t r a te  and to teach 
various standard practica l s k i l l s  and techniques. The course was 
f a i r l y  evenly balanced between preparative experiments, volumetric 
analysis and gravimetric analysis, and covered a wide range o f 
basic practica l s k i l l s  and techniques.
4 .4 .3 .1 .2  Resources
The resources tha t each student had ava ilab le  to him were as fo llows:
(a) Written material
( i )  Printed sheets giving step-by-step ins truc t ions  o f the 
procedure fo r  each experiment
( i i )  A copy of the book, A .I .  Vogel 'A text-book o f qu an t ita t ive  
inorganic a n a lys is '.  This was supplied by the student. This 
book contains step-by-step ins truc tions  o f spec if ic  procedures 
tha t were needed in addition to those contained in the 
ins truc t ion  sheets and i t  also contains descriptions o f  how
to carry out the techniques needed in th is  course.
(b) Apparatus
Each student was issued with the basic apparatus necessary fo r  the course.
(c)  People
The s ta f f  and demonstrators were usually ava ilab le fo r  consultation 
when necessary. The s ta f f in g  ra t ios  were:
students : s ta f f  30:1
students : P.G. demonstrator 15:1
students : s ta f f  + P.G. demonstrator 10:1
4.4 .3 .1 .3  A c t iv i t ie s
4.4.3.1 .3.1 Student a c t iv i t ie s
The laboratory class was observed s ix afternoons and general notes 
were made o f what was happening in the laboratory. In add it ion , 
at approximately h a lf  hourly in te rva ls  notes were made o f s ta f f ,  
demonstrator a c t iv i t ie s  and in te rac tions . Table 4.4.2 shows the 
a c t iv i t ie s  o f the students.
TABLE 4.4.2
A c t iv i t ie s Number o f times observed
% o f to ta l no. 
o f observations
(1) Working at the bench 318 88
(2) Talking to other students 23 6
(3) Talking to s ta f f 10 3
(4) Talking to P.G. demonstrators 9 3
Students spent the vast m ajority  o f th e ir  time in the laboratory 
working in d iv id u a l ly  a t the bench w h ils t  fo llow ing step-by-step
ins truc t ions  in the ins tru c t io n  sneetb emu ••• ,wav-.. —  .
progressed through the experiments at th e i r  own pace. They worked 
through the experiments in the same order and so to s ta r t  w ith were 
a l l  doing the same experiments. Some students did two experiments 
at the same time in order to use th e ir  time more e f f ic ie n t ly .  In 
one experiment the students were able to choose a method of analysis 
to compare with the prescribed one, but th is  is  the only place in 
the course where such a choice was given. Having made the choice 
the student would fo llow  the step-by-step ins truc t ions  in Vogel fo r  
the procedure.
The students made notes o f resu lts  during the course o f the experiment 
but did not write-up the practica l u n t i l  a f te r  the laboratory session. 
The form of the write-up is  given in the laboratory in s tru c t io n  sheets: 
Each account should consist o f 'a b r ie f  in troduction followed by the 
experimental procedure and a b r ie f  conclusion1. The accounts o f the 
experiments were handed in to the demonstrators at subsequent p ractica l 
classes.
Most students worked from 10.00 a.m. u n t i l  about 4.30 p.m. and took 
one to one and a h a lf  hours fo r  a lunch break.
No record o f attendance was kept by the course organiser and i t  was 
possible fo r  students to be absent w ithout being noticed. One student^ 
commented that some people are nearly always absent, but managed to 
hand in a l l  the p ractica l s. I t  was quite possible fo r  a student to 
'borrow' resu lts  from a fr iend and hand them in as his own.
1 In te rv ie w
4 . 4 . 3 . 1 . 3 . 2  S t a f f  and demonstrator a c t i v i t i e s
The a c t iv i t ie s  o f the two P.G. demonstrators and the member o f s ta f f  
during the laboratory classes in the afternoons were noted on 18 
separate occasions. They are shown in Table 4.4.3.
TABLE 4.4.3
P.G dem. S ta f f
A c t iv i ty n % n %
Marking 18 50 2 11
Discussing p ractica l work with students 9 , 25 10 56
Absent^ 5 14 5 28
Talking with demonstrator or s ta f f 2 6 0 0
Reading 1 3 0 0
Walking around the laboratory 1 3 1 6
n = number of times observed performing a c t iv i t y  
% = percentage of times observed performing a c t iv i t y
I t  can be seen that the largest part o f a demonstrator's time was 
spent, s i t t in g  at a desk, in the laboratory marking. Occasionally 
a student would approach a demonstrator at his desk to ask a 
question but a demonstrator would seldom leave his desk to ask 
students questions.
The m ajority  o f the course organisers time in the laboratory was 
spent ta lk in g  with students, mainly discussing p ractica l problems 
and correcting incorrect techniques and procedures.
1 P.G. demonstrators went fo r  coffee in the middle o f the afternoon. 
The member of s ta f f  had various other a c t iv i t ie s  which overlapped 
with the practica l class.
4 . 4 . 2 .1 .4  I n te ra c t io n s
The in te ractions between the people involved in the course were 
i n i t i a l l y  studied by observation. In order to determine the kinds 
of information being exchanged in these in te rac tions , a number o f 
items were included in the ad hoc questionnaire d is tr ib u te d  a f te r  
the course. The find ings are shown in Table 4.4.4.
TABLE 4.4-4 Sources o f help and ins truc t ion  in the laboratory
(<
Prag:ski
p  ,
Pscal
Pro<i:e^ure Und^rltan-amg_
X O "x 0 X a
(1) Ins truc tion  sheets 3.3 1.4 - - 3.6 0.9
(2) Textbook by Vogel 2.6 1.3 - - 2.0 0.9
(3) Member o f s ta f f 3.8 0.9 3.3 1.0 4.0 1.0
(4) P.G. demonstrator 3.4 1.3 3.5 1.2 4.3 1.0
(5) Other students 2.5 1.3 2.6 1.0 3.2 1.3
(a) Practica l s k i l l s  = learning spec if ic  s k i l l s  and techniques
(b) Procedure = Explaining what procedure should be used
(c) Understanding = Understanding the theore tica l material 
connected with the practica l experiments
Rating scale = Often helped me 5 = Never helped me
x = Mean ra ting  
a = Standard deviation
4.4.3.1.4.1 Student-student in te rac tion
The amount o f in te rac tion  between students in the course was observed 
to be small with an average o f about 10% of the students ta lk in g  amongst
themselves at any one time i . e .  2 or 3 students out of the 30 ta lk in g  
to one another w h i ls t  the rest worked in d iv id u a l ly .
Table 4.4.4 shows that students consulted other students more often than 
s ta f f  or demonstrators. They found other students most often helpful 
in explaining what procedures to use and fo r  learning p a r t ic u la r  
s k i l l s  and techniques. They also sometimes found other students 
o f help when try ing  to understand the theore tica l material connected 
with the practica l work.
4 .4 .3 .1 .4 .2  Student-demonstrator in te rac tion
The amount o f student-demonstrator in te rac tion  was even less than the 
amount o f student-student in te rac tion  and, as has already been mentioned, 
was usually in i t ia te d  'by the students.
4 .4 .3 .1 .4 .3  S tudent-s ta ff in te rac tion
The amount o f s tud en t-s ta f f  in te rac tion  was observed to be s l ig h t ly  
more than the amount o f demonstrator-student in te rac t io n . This was 
confirmed by the end o f course questionnaire. The s tu d e n t-s ta f f  
interviews were usually in i t ia te d  by the member o f s ta f f .
Although students appreciated the help given by the member o f  s ta f f  
they were c r i t i c a l  o f his absences: "He is  very good at explaining 
what is  going on as well as ju s t  showing you what to do . . .  but he 
is  very often not the re '.
4 . 4 . 2 . 1 . 5  Assessment
The assessment was carried out on the basis o f w r it ten  reports handed 
in to the demonstrators who did almost a l l  the marking. The 
demonstrators marked according to marking schemes which were w r it te n  
down fo r  each experiment. These usually allocated about 80% fo r  
the resu lts  and q u a l i ty  o f samples and 20% fo r  the write-up in general. 
These marking schemes were not s t r i c t l y  adhered to and students some­
times lo s t  marks fo r  om itting things tha t were considered to be 
important in the w rite  up, but fo r  which no marks were a llocated.
Having marked the books the demonstrators handed them back to the 
studentso Sometimes they discussed parts o f the report with the 
students and sometimes they added short w r it te n  comments but usually 
the book was handed back to the student w ithout comment.
I t  was d i f f i c u l t  fo r  students to f in d  out from some demonstrators 
what mark they had been given and some students found tha t i f  they 
had th e i r  books marked in the morning, they would have to wait u n t i l  
the afternoon before they could f ind  a demonstrator who would t e l l  
them th e i r  mark. One student commented in an in terv iew:
' I  would have liked  explanations o f what was wrong with some 
laboratory reports; marks were not published and I found i t  
unsatis factory  having spent so long on an experiment not to learn 
how wel1 I had done1.
4 .4 .3 .1 .6  Summary
An overall p ic ture is  b u i l t  up of the laboratory class where the 
students work in d iv id u a l ly ,  carrying out th e i r  p ractica l exercises
by fo llow ing step-by-step ins truc t ions . Occasionally a student 
asked a fe llow  student or perhaps a demonstrator fo r  help or to 
discuss a practica l problem. The member o f s ta f f ,  i f  he was present, 
would probably be discussing a practica l problem with one or two 
students, w h i ls t  the demonstrators sat at a desk marking practica l 
books.
4.4.3.2 How did the partic ipan ts  react to the course?
4.4.3.2.1 Student reactions to ind iv idua l experiments
Student reactions to ind iv idual experiments were evaluated by means 
of feedback sheets^. Table 4.4.5 summarises the students' reactions 
to the experiments in terms o f d i f f i c u l t y ,  in te re s t and relevance to 
the lecture course.
TABLE 4 .4 .52
Experiment number 1 2 3 4 5 6 ' 7 8
Sample size 30 30 17 29 24 10 9 3
Response 27 26 15 23 15 5 3 1 2
% response 90 83 E*8 79 58 50 33 67
X 0 X 0 X a X a X a X a
D i f f i c u l t y
'In terest
Relevance
2.6
3.2
3.9
0.5
0.8
1.1
2.7
2.0
1.2
0.8
0.9
0.5
3.6
2.5
1.6
0.6
1.1
0.5
2.2
1.7
1.3
0.6
1.0
0.6
3.3
3.1
1.6
1.2
0.9
0.7
3.8
3.2
2.2
0.8
1.1
1.0
Response 
too small 
fo r
inc lus ion
x = Mean ra ting  a = standard deviation 
D i f f i c u l t y  : 1 = too easy, 5 = too d i f f i c u l t
In te res t : 1 = boring, 5 = stim ulating
Relevance : 1 = unrelated to lecture course
5 = closely re lated to lecture course
For foo tno tes  1 and 2 see next page
( i )  D i f f i c u l t y
The most d i f f i c u l t  experiments were those concerned with analysis, 
i . e .  experiments 3, 5 and 6 . This is  probably because the methods 
o f analysis were a l l  new to the students and they were un fam ilia r 
with the laboratory techniques and procedures used.
( i i )  In te res t
The students did not f ind  the experiments p a r t ic u la r ly  in te res t in g .
The course emphasised practica l s k i l l s  and techniques. In order to 
become p ro f ic ie n t  in a p a r t ic u la r  technique a student has to do a 
certa in amount o f re p e t i t iv e  work which tends to be boring. In an 
interview one student commented: 'You are ju s t  p ractis ing  things that 
w i l l  be routine in the fu ture  and i t ' s  not very in te re s t in g . 1
S ig n i f ic a n t ly , the least in te res ting  experiments, experiments 2 and 4, 
contained more re p e t i t iv e  work than other experiments.
( i i i )  Relevance
The course was not designed to i l lu s t r a te  lecture material so i t  is  
not surpris ing tha t most o f the experiments were completely unrelated
1 Feedback sheets gathered a lo t  o f  detailed information tha t would 
help the course organiser to make immediate improvements to the 
experiments. This section includes only a general summary o f  the 
summative information obtained from feedback sheets.
2 The sample size and response rate fo r  experiments 7 and 8 are 
smaller because not a l l  students did these experiments and students 
f in ished the course without returning the feedback sheets. For 
experiments 3 and 6 a lte rna t ive  assessment questionnaires were 
given out to h a lf  the students.
to  the le c tu r e  courses.
I t  is  in te res ting  to note tha t the students found the more re levant 
experiments ( i . e .  1 and 6 ) also more in te res t in g . One student 
commented on th is  in an in terv iew : 'The preparation o f a coordination 
complex and i t s  analysis was quite useful because we are doing 
coordination chemistry in le c tu re s . '  She then went on to explain 
that i t  was d i f f i c u l t  too see any point to the experiments except in 
re la t ion  to the lectures: 'Most o f the course does not seem to l in k  
up with the lectures very well and there doesn't seem to be any po int 
to i t  at th is  stage. Perhaps i t  w i l l  seem relevant next year.
Nobody explains to you why you are doing a p ra c t ic a l ;  you ju s t  get 
handed a sheet and t r y  to get the best mark tha t you can.'
( i v ) Aims
In two experiments 20 to 25% o f the students thought tha t they had 
gained nothing from doing the experiment. 10% o f the students said 
tha t they did not know what the aims of the experiments were and a l l  
o f these thought tha t they had gained nothing from doing the 
experiment.
I t  therefore appears tha t one important fac to r tha t was leading to 
a fee ling  o f f ru s tra t io n  and lack o f achievement was a lack o f 
understanding amongst students as to the aims o f the experiments.
The experiments often seemed unrelated to other work and po in t less .
4 . 4 . 3 .2 .2  How adequate were the w r i t t e n  m ate r ia ls?
In the ad hoc questionnaire students were asked how often i t  was 
necessary to consult s ta f f ,  demonstrators or other students about 
the procedure fo r  experiments. 48% of the students (10/21) 
consulted other people 'occasiona lly , one or twice during each 
practica l c lass ' and 43% consulted other people 'qu ite  o ften, 
several times during each practica l c la ss '.
Students^ found i t  d i f f i c u l t  to understand what they were meant to 
be doing fo r  certa in  experiments and had d i f f i c u l t i e s  fo llow ing 
ins tru c t io n  sheets or Vogel. One student commented in an in te rv iew : 
'Sometimes i t  is  d i f f i c u l t  to fo llow  Vogel. I know the basic idea 
of the experiment but I do not know the theory behind the d e ta i ls  o f 
the experiment. I am ju s t  fo llow ing the ins truc tions  b l in d ly  
without understanding what I am do ing.'
This comment was confirmed in the responses to the questionnaire.
Most students said tha t w h i ls t  they were doing the experiments they 
usually only p a r t ia l ly  understood them. A fte r they had w r it te n  them 
up, however, they said tha t th e i r  understanding was good.
Table 4.4.4 shows tha t the textbook by Vogel was also important fo r  
teaching spec if ic  s k i l l s  and techniques and in helping students to 
understand the theore tica l material connected with the experiments.
I t  appears, however, that the w rit ten  materia ls were in s u f f ic ie n t  
on th e ir  own fo r  guiding and teaching students. The w r it te n  materia ls 
needed to be supported by students in te rac ting  with other people.
1 9 in feedback sheets and 4 out o f 6 students interviewed.
4.4 .3 .2 .3  What problems arose out o f the roles o f the 
s ta f f  and demonstrators in the laboratory
4.4.3.2.3.1 Demonstrators
The students were uniformly c r i t i c a l  of the demonstrators. They 
found tha t the demonstrators were not very fa m il ia r  with the experiments, 
and were, therefore , often unable to help them. Of the four 
demonstrators on the course only one was B r i t is h  and had in fa c t  done 
the course himself f iv e  years previously and the students did f ind  
him h e lp fu l .
Students^ also mentioned language problems with foreign demonstrators:
' I t  would help i f  the demonstrators could explain themselves more 
c le a r ly ;  they are mostly foreign and I canVt understand them.'
This problem was also recognised by the course organiser: ' I  usually 
put the foreign demonstrators on marking books as th e ir  spoken English 
is not usually very good, but th e i r  w r it ten  English is  usually a l r i g h t . '
I t  should be emphasised, however, tha t the students did not c r i t i c i s e  
the demonstrators' w ill ingness to t r y  to help them but only th e i r  
a b i l i t y  to help.
The students preferred to consult other students ra ther than the 
demonstrators because o f the demonstrators' lack o f acquaintance with 
the experiments and demonstrators were usually only consulted i f  help 
could not be obtained from other students.
The demonstrators were very unhappy with th e ir  lo t  as semi-professional 
markers in th is  course. They were bored and frus tra ted  and would have
1 In te rv iews
welcomed an opportunity to take a more active ro le  in the laboratory.
4 .4 .3 .2 .3 .2  S ta ff
The main problem here was tha t although students found contact with 
the member of s ta f f  h e lp fu l,  the amount of contact between most 
students and the member o f s ta f f  was very l im ited .
This problem was recognised by the member o f s ta f f :  ' I  walk round and 
discuss experiments and sort out d i f f i c u l t i e s ,  etc. This means tha t 
i t  is  d i f f i c u l t  to give students much ind iv idual a tten t io n . What 
happens is  that you often spend quite a lo t  o f time with one person 
who is  having p a r t ic u la r  d i f f i c u l t i e s  but th is  means tha t you have to 
neglect the res t. This is  one o f the main problems o f the course; 
that you are not able to give each student enough ind iv idua l a tte n t io n .
Although there is  in s u f f ic ie n t  time to help a l l  the students adequately 
th is  way of organising the course does enable the member o f s ta f f  to 
concentrate his e f fo r ts  where they are most needed: 'The f i r s t  th ing 
to do when you s ta r t  is to p in -po in t those students who have re a l ly  
done very l i t t l e  work already; those students who are going to lack 
confidence and be very slow.'
The resu lts  from the end o f course questionnaire showed tha t about 
20-25% of the students, in contrast w ith the m a jority  o f the students, 
consulted s ta f f  and demonstrators more often than other students.
None o f these students, however, was a slow student and at least two 
o f them were amongst the fas te r  workers. I t  appears tha t more 
ind iv idua l a tten tion  may in fac t be given to the fas te r  workers ra ther 
than the slower ones.
4.4 .3 .2 .4  What demands were made on demonstrator and 
s ta f f  time? Did they have s u f f ic ie n t  time?
In interviews students compared the practica l course w ith school 
p ractica l work and most students said tha t th is  course was the f i r s t  
occasion on which they had had to do accurate qu an tita t ive  work.
The level o f practica l a b i l i t y  tha t students entering the course, 
may be assumed to have, cannot therefore be very high.
In the feedback sheets students mentioned d i f f i c u l t i e s  tha t they had 
with the experiments. These f a l l  in to  f iv e  categories:
(1) Specific  p ractica l s k i l l s  or techniques.
e.g. ' I  did not know how to use an automatic balance a cc u ra te ly .1
(2) General p ractica l d i f f i c u l t i e s .
e.g. ' I  could not get the p rec ip ita te  to come down in the pyrid ine 
method.'
' I  could not get a c lear end-point with E.D.T.A.'
(3) D i f f i c u l t ie s  fo llow ing the ins truc t ion  sheets and Vogel.
(4) Lack o f theore tica l knowledge.
(5) D i f f i c u l t ie s  with ca lcu la tions and graphing errors.
The number o f d i f f i c u l t i e s  fo r  each category in each o f the f i r s t  
6 experiments^ are shown in Table 4.4.6.
1 A very small number o f feedback sheets were returned fo r  experiments
7 and 8 and so they have not been included here.
TABLE 4 .4 .6  D i f f i c u l t i e s  in  the f i r s t  6 experiments
— ^ _ _ E x p t .  no. 
D i f f i c u l t y
1 2 3 4 5 6 to -  | ta l
%oi al
Specific  p ractica l s k i l l s  
or techniques 3 15 15 7 1 0 39 53
General practica l d i f f i c u l t i e s 3 1 2 2 0 3 13 18
D i f f ic u l t ie s  fo llow ing 
ins truc t ion  sheets and Vogel 0 0 2 2 5 0 9 13
Lack o f theore tica l knowledge 7 0 0 0 0 0 7 10
D i f f ic u l t ie s  with ca lcu la tions 
and graphing errors 0 0 3 0 0 1 4 6
Total d i f f i c u l t i e s  fo r  expt. 14 16 22 11 6 4
Number o f feedback sheets 
returned 27 25 15 23 14 5
Estimated no.of d i f f i c u l t i e s  
i f  a l l  feedback sheets had 
been returned
16 19 44 14 13 24
I t  can be seen that the students encountered a substantia l number o f 
d i f f i c u l t i e s  fo r  which they would need help from s ta f f  or demonstrators.
The number o f d i f f i c u l t i e s  given in the Table is  probably an underestimate 
as the students are u n like ly  to have w rit te n  down a l l  the d i f f i c u l t i e s  
which they recognised. Also students would not necessarily recognise 
when they had a bad technique which needed correcting. The d i f f i c u l t i e s  
in the Table represent the major ones encountered and recognised by the 
students.
Since the course organiser was availab le fo r  about h a l f  the laboratory 
time fo r  helping students about three hours o f his time were ava ilab le  
during each, laboratory class. I f  he is  able to deal w ith one d i f f i c u l t y
every 10 to 15 minutes, he would be able to deal with about 12 to 18 
d i f f i c u l t i e s  per laboratory class. The two demonstrators together 
had a s im ila r  amount o f time available fo r  dealing w ith d i f f i c u l t i e s  
but students were very c r i t i c a l  o f th e i r  a b i l i t y  to help. Also some 
o f the d i f f i c u l t i e s  encountered took much longer than 15 minutes to 
sort out.
I t  can therefore be seen that the resources available fo r  sorting  out 
d i f f i c u l t i e s  are severely stretched and l i t t l e  time is  ava ilab le  fo r  
c r i t i c is in g  students' techniques and methods o f working in the 
laboratory.
404.3.2.5 Assessment
( i )  Weighting given to d i f fe re n t  aspects o f p ractica l work.
In the assessment questionnaire students were asked to a lloca te  marks 
to d i f fe re n t  aspects o f the write-up according to how they thought the 
marks were allocated fo r  experiments 3 and 6^. Because o f the small 
numbers the responses fo r  the two experiments have been lumped together 
in Table 4.4.7.
Table 4.4.7 compares the students' perceptions o f the a l lo ca t io n  o f 
marks with the a l loca tion  o f marks in the marking schemes.
1 They were also asked to a lloca te marks according to how they thought 
the marks should be a llocated. The differences between the actual 
and ideal a lloca tion  are in s ig n i f ic a n t  and only the actual a l lo ca t io n  
is discussed here.
The Table reveals a s ta r t l in g  d ifference between what the students 
thought was being assessed and what was ac tua lly  being assessed.
I t  also reveals considerable uncerta inty amongst students as to the 
re la t iv e  importance tha t students th ink was given to d i f fe re n t  aspects 
of the write-up: The standard deviations were almost as large as the
means fo r  most items.
Clearly the lack o f communication about the assessment o f the p ractica l 
work contributed to the fee ling  o f lack o f d ire c t ion  and pointlessness 
which was mentioned by some students (see section 4 .4 .3 .2 .1 ) .
( i i )  How appropriate was the form of assessment?
Two problems arose from using in d ire c t  methods o f assessment, i . e .  
from assessing p ractica l s k i l l s  and a b i l i t ie s  through a w r it te n  report.
TABLE 4.4.7
A llocation of marks 
in marking schemes (%)
A llocation  o f marks as 
perceived by students (%)
Expt
3
Expt
6 No.of responses = 6 X a
( i )  Accuracy of resu lts  and 
q u a li ty  o f samples 90 80
Accuracy o f resu lts  and 
q u a l i ty  o f samples
30 15
( i i )  Write-up, including
calcu la tions and graphs 10 10
General presentation 
o f write-up
Description o f experi­
mental procedure 
Organisation o f data 
and inferences drawn 
from data
16
14
10
12
9
8
( i i i )  Discussion o f methods 
used 0 0 Discussion o f l im i ta ­tions o f experimental 
procedures used and 
possible improvements 
to experimental . 
procedures
8 5
A llocation  o f marks in 
marking schemes (%)
A llocation o f marks as 
perceived by students (%)
Exp
3
Exp
6 No. o f responses = 6 x ' a
( iv )  Theoretical explanation 
o f resu lts 0 10
Discussion o f theore tica l 
material re lated to expt. 
Explanation o f experimen­
ta l resu lts  in terms o f 
theory
i
9 ;
9
7
5
(v) General discussion 0 0 Discussion showing 
evidence o f reading 5
. -4 -
4
x = Mean a = standard deviation
(1) One student commented in an interview:'Some people are able to do 
a good practica l but are unable to w rite  i t  up well and therefore get 
a bad mark. Others are bad at practica l but are good at w r i t in g  i t  
up and therefore get a good mark.'
I f ,  however, a student did get a low mark fo r  a poor re s u lt  i t  was 
d i f f i c u l t  fo r  him to know in what ways his technique was a t fa u l t .
(2) A ll the students interviewed admitted tha t ' f id d l in g *  resu lts  was 
widespread and some ac tua lly  admitted f id d l in g  th e ir  re su lts .  Throughout 
the questionnaires students kept making comments about resu lts  being 
f id d le d , even though the questionnaires did not ask about th is .
Some students obviously objected qu ite  strongly to resu lts  being 
f idd led . Typical student comments about th is  phenomenon are:
'A lo t  of people f id d le  th e ir  resu lts . I t  is  very f ru s t ra t in g  when 
you do something wrong and have to do i t  a l l  over again.'
'The practica l counts 10% of the to ta l assessment and so you've got 
to get as many marks as you can even i f  i t  means f id d l in g  the r e s u l t s . 1 
I have f idd led my resu lts  on occasions.'
'The fas te r workers l ik e  myself do not know what the resu lts  should be, 
but the slower workers check with the fas te r  workers and pester them 
fo r  the answers.'
Although the s ta f f  and demonstrators are aware tha t f id d l in g  goes on, 
they do not seem to be aware of i t s  pervasiveness:
' I  th ink  most o f the resu lts  are genuine because there are so many
bad re su lts ,  but there is  nothing to stop people 'cooking' th e ir
resu lts . You have to take the a t t i tu d e  tha t i f  a student is  capable
o f f id d l in g  his resu lts  he deserves a good mark anyway.'
A system of assessment which is  so widely abused must be open to 
doubt both as a re l ia b le  and va lid  method o f assessing students' 
a b i l i t ie s  and as a means o f re in fo rc ing  the aims of the laboratory 
course.
( i i i )  How important did the students th ink the practica l marks were?
The typ ica l student a tt i tu d e  towards the to ta l number o f  marks 
a llocated to the practica l course are summed up as fo llows:
'Not many marks are given fo r  the laboratory course, but i t  makes 
i t  worth being treated se r io u s ly . '
4 .4 .3 .2 .6  Summary
The fundamental problems tha t have been described in section 4 .4 .3 .2  
are:
(1) The w rit te n  materials have to be supplemented by ind iv idua l help 
from demonstrators and s ta f f .  This is  needed both to help students
with problems that they recognise and to correct and improve poor 
technique which may not be recognised by the students.
(2) Marking the reports on the experiments takes so much time tha t 
there is in s u f f ic ie n t  s ta f f  and demonstrator time to give adequate 
support to the w rit ten  materia ls.
(3) Most o f the demonstrators (3 out o f 4) are not s u f f ic ie n t ly  
conversant w ith the course to be o f much help to the students.
(4) The assessment in i t s  present form is  abused and provides 
l i t t l e  pos it ive  reinforcement to the aims: i t  encourages f id d l in g .
4.4.4 Achievement o f aims
4.4.4.1 How successful was the course in achieving 
i t s  aims?
The c r i t e r ia  by which the achievement of the educational aims w i l l  
be judged are the opinions of the organiser o f th is  course ( f i r s t  
year inorganic), the opinions of the organiser o f the second year 
inorganic laboratory course, and the opinions o f the students who 
partic ipa ted in the course.
As has already been pointed out the continual assessment used in 
th is  course is in d ire c t  and could not be used as a re l ia b le  ind ica to r  
as to the educational success of the course. The course organiser 
commented: :
' I  can 't  re a l ly  judge whether the students have achieved my aims.
I can look at the marks at the end of the course and i f  the marks are
very low I can say that the students probably don 't achieve much 
accuracy in any of the experiments. The best feedback is whether 
the second year course organiser finds they have achieved the aims.'
The second year course organiser said tha t when the students came 
in to  the second year laboratory course, th e i r  manual s k i l l s  were very 
poor.
A ll  6 students who were interviewed said tha t they had lea rn t new
practica l s k i l l s  and techniques and thought tha t th e i r  practica l
s k i l l s  and techniques had improved in the course.
In the feedback sheets 31% o f the students said tha t they had 
improved th e ir  practica l s k i l l s  during the experiment and 29% tha t 
they had gained greater knowledge and understanding o f the various
techniques and procedures included in the course.
Table 4.4.8 shows the extent to which students f e l t  the f iv e  most
important aims o f the course had been achieved.
TABLE 4.4.8
n = 28 Response =21 % response = 75%
Rating scale: 1 = not achieved; 5 = achieved
(a) To teach basic practica l s k i l l s  (e.g. manupulative 
and preparative s k i l l s  and techniques)
(b) To fa m il ia r is e  you with some important instruments 
and devices
(c) To t ra in  you in observation
(d) To teach a log ica l and methodical way o f working 
in a chemistry laboratory
(e) To develop your a b i l i t y  to make deductions from 
experimental data and to in te rp re t  experimental data
x 0
3.6 0.8
3.1 1.1
3.0 0.9
2.9 1.1
3.1 0.9
The students, therefore , f e l t  that the course had p a r t ia l ly  achieved 
i t s  aims.
4.4.4.2 Were there any negative outcomes?
(a) The member o f s ta f f  and students were agreed that aim 28 should be 
quite an important aim o f the course, but unfortunately the course 
appeared to discourage honesty and s c ie n t i f ic  in te g r i ty .
(b) S ta f f  and students were agreed tha t aim 26 should be amongst the 
15 most important aims o f the course (the students placed i t  fo u r th ) .  
The course, however, fa i le d  to stimulate the in te re s t o f the students 
(section 4 .4 .3 .2 .1 )c
4.4.4.3 Summary
The course went some way to achieving i t s  aims, but could d e f in i te ly  
not be said to have been successful. In add it ion , i t  had some 
undesirable s ide -e ffec ts  w ith respect to students' a tt itudes  (aims 
26 and 28).
4.4.5 Conclusions and Recommendations
Various problems have been revealed by th is  evaluation, some o f which 
could be solved w ith in  the framework o f the ex is t ing  course and others 
which could only be solved by a complete res truc tu r ing  o f the course.
F i r s t  problems which could be solved w ith in  the framework o f the 
ex is ting  course are outlined and possible solutions are considered.
More radical solutions to some o f these problems are considered in 
section 4 .4 .5 .3 .
Secondly, problems which could not be solved w ith in  the ex is ting  
course s tructure are outlined and possible solutions considered.
4.4.5.1 Problems which could be solved w ith in  the 
framework o f the ex is ting  course
The course has been shown to be achieving i t s  aims only to a 
l im ited  extent (see section 4 .4 .4 ) . Several factors seem to be 
l im i t in g  the success o f the course.
404.5.1.1 Organisational problems
(1) The ins truc t ion  sheets and Vogel have to be supplemented by 
help from s ta f f  and demonstrators. For some experiments the 
amount o f  help needed could be reduced by rew rit ing  the in s tru c t io n  
sheets, but in a course where students are learning p rac tica l s k i l l s  
and techniques, help from s ta f f  and demonstrators is  essentia l.
(2) Demonstrators spend the m a jority  o f th e ir  time marking. This 
means tha t the demonstrators have l i t t l e  time ava ilab le  to help 
the students and tha t the demonstrators are bored.
Demonstrators are not s u f f ic ie n t ly  conversant with the p ractica l 
de ta i ls  o f the course to be of much help to the students. The 
demonstrators seem to be trapped in a vic ious c i r c le :  They are
un fam ilia r with the course and therefore isolated from i t  by being 
designated markers and consequently cannot become fa m il ia r  w ith i t .
(3)Students are aware tha t resu lts  are important in the assessment 
and consequently ' f id d le '  th e i r  resu lts : The assessment thereby ceases 
to assess practica l a b i l i t y .
(4) Students do not understand the experiments very well when they are 
performing them, but only gain an understanding o f them w h ils t  w r i t in g  
them up: In the practica l class they are merely fo llow ing step-by-step 
in s truc t ion s . The students would c le a r ly  gain more from the 
experiments i f  they understood what they were doing.
4 .4 .5 .1 .2  Problems with ind iv idua l experiments
(1) The course as a whole is  seen as un interesting and th is  is  
p a r t ic u la r ly  so fo r  some experiments.
(2) Most o f the experiments are not re lated to the lecture courses.
The experiments which were re lated to the lecture courses, however, 
were o f more in te re s t  to the students.
(3) In two experiments 20 to 25% of the students thought tha t they 
had gained nothing from doing the experiments. In add it ion , many 
students could often see no point or purpose in some o f the 
experiments: they seemd to have no in t r in s ic  value and could not be 
re lated to any other work tha t the students were doing in chemistry.
4.4.5.2 Some solutions w ith in  the framework o f the 
ex is t ing  course
4.4.5.2.1 Experimental s c r ip t
The most common ways o f improving or a l te r in g  practica l courses are:
(a) to modify experiments or experimental sc r ip ts  or
(b) to replace unsuitable experiments with new experiments.
These approaches could be used to overcome some of the problems 
indicated in section 4.4.5.1.1 subsection 1 and 4 and section 4 .4 .5 .1 .2 . 
The experimental sheets could be modified in the fo llow ing ways:
(1) Students should be issued with the ins tru c t io n  sheets fo r  the 
experiment at least a week in advance o f the practica l class. The 
ins tru c t io n  sheets should ind icate what theore tica l material a student 
must know in order to perform the experiment w ith understanding.
Before being allowed to do the experiment the student could take a 
short te s t .  I f  he fa i le d  th is  te s t  he could be required to go away 
and do some more studying before being allowed to attempt a te s t  fo r
a second time.
(2) For each experiment the purpose o f the experiment should be c le a r ly  
stated and i f  the emphasis is  on experimental accuracy the acceptable 
l im i ts  o f accuracy should be stated so tha t a student is  able to 
judge whether he has achieved the aim of the experiment.
(3) Scripts could be modified in order to reduce the number o f 
d i f f i c u l t i e s  encountered by the students. Other measures would, 
however, also be needed in order to deal with the d i f f i c u l t i e s
encountered by the students and these are discussed l a t e r .
(4) Attempts should be made to modify the experiments in order to make 
them more in te res ting  and in order to emphasise th e i r  relevance to 
other parts o f the course. The use of feedback sheets could be
b u i l t  in to  the course.
4 .4 .5 .2 .2  Assessment
A complete re th ink o f the assessment scheme is  required:
(a) The time that students spend w r it in g  reports should be reduced 
in order to bring the amount o f e f f o r t  put in to  report w r i t in g  in 
l in e  with the importance accorded to report w r i t in g  in the aims o f 
the course.
(b) The time needed to assess students must be reduced.
(c) The assessment must be made less susceptible to ' f i d d l in g ' .  
Possible solutions include:
1. Short reports perhaps only including resu lts  and conclusions, 
perhaps in conjunction with the use o f
2. Oral assessment.
3. Some experiments could be completely w r it te n  up in the labora tory.
4. Some o f the marking could be done outside laboratory hours.
4 .4 .5 .2 .3  Role o f demonstrator
A change in the ro le o f demonstrator from one o f an assessor to one
where he is  more involved in helping the students with practica l 
d i f f i c u l t i e s  is probably the change which would have the greatest 
e f fe c t  on the course. As well as putting the demonstrators in a 
posit ion to help students more, i t  would give the demonstrators more 
sa t is fa c t io n  in th e i r  job as demonstrators.
In order to f a c i l i t a t e  th is  change in ro le some form o f demonstrator 
t ra in in g  would be necessary. The demonstrators' new ro le should be 
c le a r ly  defined.to him.
4 .4 .5 .2 .4  Additional resources
In order to ass is t in the teaching o f practica l s k i l l s  additional 
resources could be made ava ilab le . These include programmed 
te x ts , audio-tapes, tape-slides and video-tapes. The most popular 
o f these fo r  teaching practica l s k i l l s  in chemistry are video-tapes. 
(172).
The main advantages of video-tapes in th is  course would be:
(1) They would save s ta f f  and demonstrator time making the s ta f f  and 
demonstrators more available to c r i t i c i s e  students' techniques and 
to discuss problems with them.
(2) Students would be able to see well organised, c le a r ly  presented 
demonstrations when they needed them and as often as they needed them.
(3) They would also be an advantage in the tra in ing  o f demonstrators 
in tha t they would c le a r ly  define to the demonstrators how the 
students were expected to perform the various s k i l l s  and techniques.
4.4 .5.3  Problems which cannot be solved w ith in  the 
framework o f the ex is ting  course
(1)(a) The students want a course in which they have more independence 
from the s ta f f  and more control over th e ir  own experiments; a course 
which is  more open and more challenging.
(b) The students would l ik e  more emphasis on learning and cooperating 
with other students.
(2) There is  a tendency fo r  experiments which are p r im a r i ly  designed 
to teach practica l s k i l l s  and techniques to be unsatis fy ing and 
boring. The experiments are in e v itab ly  re p e t i t iv e  and can often 
appear to the students to be pointless and ir re le va n t.
(3) There was a tendency in th is  course fo r  the be tter students to 
get more help from the s ta f f  and demonstrators. Two possible 
explanations fo r  th is  are f i r s t l y ,  the be tte r students worked 
fas te r  than the rest o f the students and were therefore unable to 
consult th e i r  fe llow  students about problems. Secondly, students 
are unw il l ing  to reveal th e i r  ignorance to s ta f f  or demonstrators, 
whereas they are more w i l l in g  to do th is  with other students. A 
system in which most o f the help given to students is  given 'on 
demand' w i l l ,  therefore, ine v itab ly  lead to more help being given 
to be tte r students. The course needs res truc tu r ing  so tha t the 
weaker students are located and given extra help.
4.4 .5.4 Some solutions
(1) Pass-fa il tests o f competence.
In th is  course, a course designed to teach practica l s k i l l s  and 
techniques, one fundamental problem in the assessment is  tha t i t  is 
assessing the student as he learns. I t  does not assess what he has 
lea rn t at the end o f the experiment but his a b i l i t ie s  w h i ls t  learning. 
An a lte rn a t ive  method o f s truc tu r ing  a course and the method of 
assessment, which avoids th is  problem, is  suggested by M.J. Frazer 
(54). He suggests that in s k i l l s  courses when a student has had 
s u f f ic ie n t  practice in a p a r t icu la r  s k i l l  or technique he should 
take a p ractica l te s t ,  designed to measure adequate competence, fo r  
which he is  given a pass or a f a i l  grade. I f  he passes the te s t  
then he proceeds to the next experiment. I f  he f a i l s ,  he would 
have to do some remedial work before retaking the te s t .  He also 
suggests tha t no course marks should be given fo r  such a course, 
thus emphasising the fac t tha t the course is a learning a c t iv i t y
in the same way as lectures and tu to r ia ls .
Such a system has the fo llow ing advantages:
(a) I t  could be used to reduce f id d l in g  and encourage a more healthy
a t t i tu d e  towards learning in the laboratory.
(b) I t  would cope with d i f fe re n t  levels o f student ab i l i t y .  Good 
students, in the practica l sense, would pass rap id ly  through the 
course, whereas poor students would be rap id ly  id e n t i f ie d  and 
could be given extra help.
(c) Hopefully students would get some sa t is fa c t io n  in seeing th e i r  
s k i l l s  improving and would feel that th e ir  time was being spent 
p ro f i ta b ly .
(2) Un i t  l a b o ra to ry  (37, 12)
A u n it  laboratory could be used to cope with a reorien ta tion  o f aims 
in to  the a t t i tu d in a l  area, area D (see section 4.4.2) w h i ls t  maintaining 
a strong emphasis on practica l s k i l l s .  The essential features o f a 
u n it  laboratory are tha t i t  is  a short course o f about 3-6 weeks in 
length, concentrating on a l im ited  content area or a ' t o p ic ' .  I t  is 
organised by one member o f s ta f f  in his own s ty le  and in a way which 
gives coherence o f design and organisation and integrates theory and 
p ra c t ica l.  A design and organisation tha t has been_ used successfully 
(12, 37, 168) is  to organise the u n it  in to  three stages:
( i )  Learn basic practica l s k i l l s .
( i i )  Practice basic practica l s k i l l s  in a closed, i . e .  prestruc tured7 
experiment.
( i i i )  Use basic practica l s k i l l s  in a more open inves tiga tion .
Such a system would give relevance and immediacy to learning p rac tica l
s k i l l s  and a t the same time put more emphasis on the additional aims
tha t the students feel should be important.
4.5 An eva lua t io n  o f  a chemis t ry  l a b o ra to ry  course f o r  f i r s t
year chemical engineers (1975) (Course IV ) .
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This e v a lua t io n  repo r ts  on the 1975 chemis t ry  la b o ra to ry  course f o r
chemical eng ineers.
The 1974 course is  described in Section 4.3 but since then the course
had been developed fu r th e r w ith the aid of the 1974 evaluation report.
In the 1975 course the open experiment was extended so tha t i t  
constituted the major part of the course and the students worked in 
groups fo r  most of the course. The course also made more extensive 
use of videotapes fo r  teaching p ractica l s k i l l s .
The course was thus peculiar in combining open practica l work, group 
work and a re la t iv e ly  high amount of ind iv idua lised learning using 
videotapes. The evaluator was, therefore , presented with an 
opportunity of studying the fu r th e r  development o f a h ighly innovative 
course.
4.5.1 Methods of evaluation
Deta ils  o f the methods of evaluation used are given below:
Total number o f students attending the course = 32
Total number of s ta f f  attending the course = 1 or 2
Total number o f postgraduate demonstrators
= 3
attending the course
Data source Time o f  use Response Stage o f*  evaluation
(1) Documentary evidence
(a) Ins truc t ion  sheets & 
hand-outs given to 
students
(b) Student p ractica l 
books
(2) Observation
P artic ipan t observation
as demonstrator
(3) Interviews (Type 1)
(a) S ta ff  - Many informal 
discussions took 
place w ith s ta f f .  Notes 
were made on these 
soon afterwards
(b) P.G. demonstrators - 
occasional informal 
discussions took 
place in the 
laboratory. Notes 
were made as above
(c) Students (5) 9 (37%
P rio r to and
during
course
A fte r  the 
course
Throughout 
the course
Before, 
during and 
a f te r  the 
course
During the 
course
50% (16) books 
were studied
( i )
( i n
t o
(i) (in (in)
(i) c 11) (111 >
(4) sample)
A fte r  2 or 
3 weeks 
8th week of 
course
5/7 (71%) 
4/7 (57%)
(1) (11) ( i n )
(i) (ii) ( in)
(4) Questionnaires
To students
(a) aims questionnaire
(b) feedback sheets
(c) videotape questionn­
a ire
To s ta f f
aims questionnaire
*  See Sect ion  4 .1 .2
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67 50 75 ( i ) ( i i )
2 100 ( 0
4 .5 .2 .  Aims
4 .5 .2 .1  Aims o f  the ac tua l  course
Information about the aims of the course was obtained from the aims 
questionnaires, from feedback sheets and.from the student interviews 
and discussions with s ta f f .  The aims questionnaire shows tha t the 
agreement between s ta f f  and students about the aims o f the course is 
strong (see Graph 4 .5 .1 ) . A wide va r ie ty  o f aims was emphasised in 
th is  course:
341, 2 
6 , 7
351, 10, 19 
24, 25 
33, 31
Aims in area A 
area B 
area C 
area D 
area E
The 9 student interviews revealed a s im ila r  d is t r ib u t io n  o f aims. The 
aims tha t were mentioned together w ith the number o f students who 
mentioned each aim are given in Table 4.5.1.
TABLE 4.5.1
Aim
No. o f 
Students
( 1 ) To gain experience in experimentation; to f ind  out 
how to go about solving problems in the laboratory.
5
(2 ) To become aware o f the apparatus tha t is  available 
to a chemist.
4
(3) To learn basic laboratory techniques and how to use 
various chemical instruments.
3
(4) To gain knowledge of chemistry. 2
(5) To i l lu s t r a te  lecture m ateria l. 2
(6 ) To develop the a b i l i t y  to work in a team. 1
1. Two additional aims were included inthe aims questionnaire. These 
resulted from the course being a service course:
Aim 34: To i l lu s t r a te  the relevance o f chemistry to chemical engineers. 
Aim 35: To fami 1ia r ise  the student with laboratory scale experiments 
w ith in  the content o f the research and development requirements o f chemical 
engineers.
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In the feedback sheets students were asked, 'What did you th ink  was 
the purpose of the experiment?1. The aims derived from the feedback 
sheets have been weighted according to the length of time i t  took to 
complete each experiment and are shown in Table 4.5.2. The d is t r ib u t io n  
of aims is s im ila r  to the d is tr ib u t io n s  obtained from the two e a r l ie r  
sources mentioned.
ZABLE
Aim/Purpose
Weighted
Score
(1) To carry out an experiment at laboratory scale to 
discover some of the problems tha t would be faced on an 
in d u s tr ia l  scale i . e .  experimental conditions, problems 
involved in p u r i f ic a t io n ,  processing etc.
(2) To gain chemical knowledge; to i l l u s t r a te  lecture 
m ateria l.
(3) To learn laboratory s k i l l s ,  techniques and instrumenta­
t io n .
(4) To i l lu s t r a te  the relevance o f chemistry fo r  chemical 
engineers; to i l l u s t r a te  the in d u s tr ia l  applications of 
chemistry.
(5) To develop students a b i l i t y  to work in a team.
84
28
24
17
The main emphasis of the course is  therefore on the problem-solving 
aspects o f area C with strong emphasis also being placed on a va r ie ty  
of aims in area A, B, D and E.
4.5.2.2 Aims fo r  an ideal course
Once again the aims questionnaire shows strong agreement between s ta f f  
and students (see Graph 4 .5 .2 ). They are agreed that the main aims o f 
the actual course are the r ig h t  ones, i . e .  the same as fo r  an ideal 
course.
A comparison o f the mean ratings fo r  the actual course and fo r  an ideal
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course reveals that both s ta f f  and students f e l t  tha t some aims in 
area C should be emphasised more strongly i . e .  aims to do with 
experimental design (aims 12 and 14), t ra in in g  students in keeping a 
day-to-day laboratory notebook (aim 18) and aims to do with 
communicating and processing resu lts  (aims 21 and 23).
In addition s ta f f  f e l t  tha t report w r i t in g  and extracting information 
from the l i te ra tu re  were under-emphasised in th is  course. The students, 
however, f e l t  tha t these were already quite important aims, presumably 
because they had to spend qu ite a lo t  of time on them.
4.5.3 How did the course go about achieving the aims?
Having established what the aims o f the course were, i t  is  now important 
to compare what ac tua lly  happened in the course with the aims o f the 
course. How did the course go about achieving i t s  aims? Was the 
enactment o f the course congruent w ith the aims?
4.5.3.1 How was the course structured?
The course ran fo r  10 weeks in the spring term o f 1975. Each week there 
was one 3 hour session las t ing  from 10.00 am u n t i l  1.00 pm. The course 
was attended by 32 students, the course organiser, two postgraduate 
demonstrators, the evaluator who was also a postgraduate demonstrator and 
usua lly , but v o lu n ta r i ly ,  the second member o f s ta f f  who had been 
involved in re-organising the course. Of the students, one th i rd  were 
B r i t is h  and the other two th irds  were fore ign.
The students were expected to work through one open experiment in  groups 
and were expected to take about 7 weeks to complete i t .  The res t o f the
of which lasted two weeks and the other one week.
)
4.5.3.1.1 Course content
The possible choice o f content tha t is  su itab le  fo r  achieving the 
primary aims o f the course is  wide. Two factors constrain the choice 
o f content; f i r s t l y  the secondary aims i . e .  to teach basic p rac tia l 
s k i l l s ,  to become fa m i l ia r  with the important instruments and to 
i l l u s t r a te  the lecture m ateria l, and secondly the previous experience 
o f the students.
The major part o f th is  course was the open, group experiment which was 
designed to achieve the primary aims but which was s tructred in such a 
way tha t students would learn many basic practica l s k i l l s  and become 
fa m i l ia r  with important instruments, some o f which had been mentioned 
in the lectures. The major l ink-up  with the lectures was through the 
more t ra d i t io n a l experiments which were designed to i l l u s t r a te  sp e c if ic  
topics in the lecture course i . e .  carbonyl compounds and ra d io a c t iv i ty .  
The evaluator discussed the problem of what lecture content should be 
i l lu s t ra te d  in the laboratory with the s ta f f .  He was unable to discover 
why i t  was f e l t  necessary to i l l u s t r a te  these p a r t ic u la r  topics in  the 
laboratory class but the s ta f f  were adamant tha t i t  was important tha t 
some parts o f the lecture course should be i l lu s t ra te d  in the labora tory, 
so tha t the students are able to experience, in a concrete s i tu a t io n ,  
chemistry tha t they have previously only met as abstract concepts, and 
thereby gain another dimension in th e i r  understanding of chemistry.
In the experimental feedback sheets 6 students mentioned tha t the 
carbonyl and/or the ra d io a c t iv i ty  experiments were 'well-known' from
A-leve l. I t  is  perhaps s ig n if ic a n t  tha t the 6 students mentioned here 
were a l l  B r i t is h  and therefore represented 54% of the B r i t is h  
contingent o f the course. A fu r th e r  3 foreign students commented in 
interviews tha t some of the work had been covered previously at school.
4 .5 .3 .1 .2  Resources
The resources tha t each student had available to him were as fo llows:
(a) Written materials
(1) A general in troductory sheet,g iving the aims, the approximate
time to complete each experiment and the requirements in  terms o f
what p ractica l work each student was expected to do, was issued in
the f i r s t  week o f the course.
The aims part o f th is  in troductory sheet was based on the 
evaluation o f the 1974 course, but since then there had been a 
reorien ta tion  o f the course and in the 1975 course more emphasis 
was put on aims to do with personal in te rac tions . This 
discrepancy between the stated aims and the actual aims underlines 
the d i f f i c u l t y  o f making e x p l ic i t  aims which are im p l ic i t  in  the 
course s truc ture .
(2) Experimental sheets
The students were given a sheet fo r  each experiment. The 
ins truc t ions  fo r  the open experiment, the acetanilide experiment 
(issued in the f i r s t  week) were designed to o r ie n t the student 
towards the problem being studied, but included no ins truc t ion s  
about how to proceed with the experiment. The sheets fo r  the 
carbonyl experiment l e f t  some of the decisions, about how to proceed 
with the experiment, to the students.
(b) Apparatus
Each student was issued with a set containing the basic apparatus 
necessary fo r  the course.
(c) Audio-visual material
Six demonstrations o f p ractica l techniques and the use o f certa in  
instruments were available on video-cassettes. The students were 
able to view these,when they required them, in  a laboratory 
adjacent to the one in which they were working. More d e ta i ls  o f 
the video-tapes are included in Chapter 5.
(d) People
Other members o f a student's group, demonstrators and s ta f f  were 
available fo r  consultation when necessary.
4 .5 .3 .1 .3  A c t iv i t ie s
4.5.3.1 .3.1 Student A c t iv i t ie s
The course started with a f i lm  and a short ta lk  to explain the purpose 
o f the course to the students. Various prin ted sheets were d is t r ib u te d ,  
the students formed themselves in to  groups o f 4 or 5 and f i n a l l y  a short 
lecture o u t l in in g  the i n i t i a l  strategy fo r  approaching the ace tan il ide  
experiment was given. In the second week o f the course the students 
started th e i r  experimental work with the preparation o f ace tan il ide  and 
most students continued to work on th is  experiment u n t i l  the f i f t h  or 
s ix th  week of the course, a f te r  which most o f the students' e f fo r ts  went 
in to  the carbonyl and ra d io a c t iv i ty  experiments w h i ls t  a t the same time 
they completed small parts of the ace tan il ide  experiment.
The main a c t iv i t ie s  of a student during a typ ica l laboratory session 
would be tha t on a r r iv ia l  in the laboratory he would f i r s t  spend about 
10 minutes discussing with his group what each member o f the group was 
going to do, a f te r  which practica l work would begin, punctuated by 
frequent discussions about the practica l work throughout the practica l 
sessions.
Two changes in student a c t iv i t ie s  were noted as the course progressed. 
F i r s t ly ,  i t  was noticeable tha t in the second and th i rd  week o f the 
laboratory course a l l  f iv e  staff/demonstrators were f u l l y  occupied, but 
from the fourth  week onward the demands on staff/demonstrator time 
dropped o f f  suddenly. The students became much more re l ia n t  on one 
another as the groups began to operate more as u n its ,  and at the same 
time, they became more confident.
Secondly, students had to learn a number o f techniques at the 
beginning o f the course and therefore had to view certa in  video-tapes. 
Some students watched the video-tapes in the second week o f the 
course and in the th i rd  week of the course the TV monitor was in 
continuous use, but a f te r  th is  the use o f the video-tapes f e l l  o f f  
u n t i l  a f te r  the s ix th  week the video-tapes were used by only one or 
two students each session.
4 .5 .3 .1 .3 .2  S ta f f  and demonstrator a c t iv i t ie s
For most of the course s ta f f  /  demonstrators had to perform 
two ro les: f i r s t l y ,  they had to adopt a consulta tive ro le ,  discussing 
the problems o f designing the experiment w ith the students, and 
secondly, they had to c r i t i c i s e  p ractica l techniques.
The two members of s ta f f  and the demonstrator /  evaluator had no 
d i f f i c u l t y  in adopting the consulta tive ro le  because they had a l l  been 
involved in the planning of the course and knew exactly what was 
expected o f the students. The other two post-graduate demonstrators, 
however, did not know what to do; they had received no p r io r  
in s tru c t io n  in what they should do in the laboratory course. They 
qu ick ly picked up that they were expected to c r i t i c i s e  the students' 
experimental techniques but did not help the students plan th e ir  
experiments.
When the students started to do the more t ra d i t io n a l experiments 
la te r  in the course there appeared to be a s l ig h t  change in the ro le  
o f the staff/demonstrators. There was less staff/demonstrator 
involvement required (which must also have contributed to the 
f a l l  o f f  in demand fo r  staff/demonstrator time) and th e i r  ro le  seemed 
to have changed to one where they were consulted in order to explain 
why certa in chemical reactions had occurred and to say what 'should' 
have happened!
4 .5 .3 .1 .4  In teractions
This course could be said to have been characterised by the 
large amount o f in te rac tion  both amongst students and between 
students and staff/demonstrators. The atmosphere in the laboratory 
was very informal and students did not hesitate to consult s ta f f  and 
demonstrators i f  they wished. Conversely s ta f f  and demonstrators 
often asked students how they were ge tting  on and to explain what 
they were doing.
4 . 5 . 3 .1 .5  Assessment
The students had to w rite  reports on th e ir  experiments to be 
handed in during the summer term. These reports were marked by the 
s ta f f  and were not handed back to the students u n t i l  the fo llow ing 
academic year.
Towards the end o f the course a p ractica l report from the previous 
year's  p ractica l group was c ircu la ted to give the students an idea 
o f what was expected o f them.
4.5.3.2 How did the partic ipan ts  react to the 
course?
This section f i r s t  compares student reactions to the 1974 and 
1975 courses and then examines student comments on the 1975 : 
course. The fo llow ing topics are then discussed: student reactions 
to the openness o f the course, the adequacy o f the resources, 
working in groups, the ro le o f s ta f f  and demonstrators and f i n a l l y  
report w r i t in g  and assessment.
4.5.3.2.1 Comparisons between the 1975 and 1974 
courses ( i . e .  courses IV & I I )
S im ilar feedback sheets were used in both courses allowing fo r  some 
crude comparisons to be made between the two courses. Table 4.5.3 
shows the mean ratings with respect to d i f f i c u l t y ,  in te re s t  and 
relevance fo r  each experiment in the two courses.
In the 1974 course there were s ix  experiments. Of these a l l  but
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the a c e t a n i l i d e  exper iment were t r a d i t i o n a l  in  format  and inc luded
step-by-step in s truc t ion s . The ace tan ilide  experiment was an open
experiment which required the students to tackle a problem
concerned with the i n i t i a l  stages in developing a p i lo t  p lant. In
the 1974 course a l l  the experiments were performed in d iv id u a l ly
except fo r  the ra d io a c t iv i ty  experiment which was performed in pairs 
and the acetanilide. e x p e r im e n t wKicK was performed in groups.
The 1975 course.consisted o f three experiments, the carbonyl, the 
ra d io a c itv i ty  and the acetan ilide experiments. The ra d io a c t iv i ty  
experiment remained essen tia l ly  unchanged except fo r  some 
c la r i f ic a t io n  o f the s c r ip t .  The carbonyl experiment included the 
same chemical reactions as previously but was presented in a more 
problem solv ing, discovery oriented approach. The ace tan il ide  
experiment was expanded to take about twice as long as in 1974. I t
included elements o f the ethyl acetate experiment and an attempt 
was made to in tegra te  the water treatment experiment in to  i t .
The students found the 1975 carbonyl experiment both more 
in te res ting  (s ig n i f ic a n t  at the 0.05 leve l)  and more re levant
(s ig n i f ic a n t  a t the 0.01 leve l)  than the 1974 experiment but i t  was
s t i l l  considered rather easy.
The ra d io a c t iv i ty  experiment proved to be more in te res t in g  
(not s ig n if ic a n t  a t the 0.10 le ve l)  but less re levant (not s ig n i f ic a n t  
at the 0.10 le v e l) .  This was because ra d io a c t iv i ty  had not yet 
been covered in the lecture course when the students did the 1975 
experiment, whereas i t  had when most o f the students did the 1974 
experiment.
There was very l i t t l e  change in the ratings fo r  the ace tan il ide
experiment. The students appeared to f ind  i t  somewhat easier in 
1975 (s ig n i f ic a n t  at the 0.05 leve l)  presumably because they had 
more time to adapt to the ‘ openness' o f the experiment and because
they got more help from other students.
4 .5 .3 .2 .2  General reactions to the experiments
In interviews 6 out o f 9 students interviewed said tha t they 
found the course in te res t in g . The most in te res ting  experiment was 
the acetan ilide experiment, the open experiment. One experiment, 
the carbonyl experiment was ra ther un interesting (Table 4 .5 .3 ) .
In the feedback sheets students said tha t they encountered a 
number o f d i f f i c u l t i e s  carrying out techniques with which they were 
un fam ilia r in the acetan ilide experiment (5 out o f 17 students) and
tha t they were unsure how to handle some o f the chemicals in the
carbonyl experiment (5 out o f 23 students). Overall, however, the 
students thought tha t the ace tan ilide  'experiment was o f about the 
r ig h t  d i f f i c u l t y  and the other two experiments ra ther easy 
(Table 4 .5 .3 ).
In spite o f the fa c t  tha t students did not f in d  the course 
d i f f i c u l t  they thought tha t the course made them use th e i r  
in i t i a t i v e .
The students also thought tha t the laboratory course was re levant 
to the lecture course, with the exception of the ra d io a c t iv i ty  
experiment (Table 4 .5 .3 ) .
In in te rv ie w s  6 ou t  o f  9 students said t h a t  they thought  the
p r a c t i c a l  course was c lo s e ly  r e la te d  to  the l e c tu r e s :
'The practica l course integrates a l l  the parts o f the course.
I t  combines what we do in the lectures with what we do in 
p ractica l s . '
One problem was tha t a number o f students had done the work 
in the carbonyl experiment and the ra d io a c t iv i ty  experiment p r io r  
to the course. In the carbonyl experiment 8 out o f 17 students 
returning feedback sheets said tha t they had gained l i t t l e  or nothing 
from the experiment and o f these 5 had done the work before. For 
the ra d io a c t iv i ty  experiment 5 out o f 17 students said tha t they 
gained l i t t l e  or nothing, o f whom 4 had done the work before. These 
students c le a r ly  f e l t  tha t they were wasting th e ir  time repeating 
work done previously.
4 .5 .3 .2 .3  How well did the students cope w ith 
the openness o f the course?
The m ajority  o f the students interviewed (7 students: 78%)
commented favourably on the problem solving or open aspect o f  the 
course and many o f them were en thusiastic . Students (5 students) 
appreciated the freedom tha t th is  approach gave them in planning 
th e i r  work and the fa c t tha t they had to use th e ir  i n i t i a t i v e :
" I  have never done experiments without in s tru c t io n  sheets 
before and I f ind  i t  more in te res ting  doing i t  th is  way.
I t  makes you make decisions about the p rac t ica l."
" I t ' s  be tter th is  way. Being able to work out fo r  you rse lf
what you are going to do makes a welcome change from having 
to do exactly what you are to ld  to do."
I n i t i a l l y ,  however, students (4 students) found the freedom confusing
" I t ' s  ra ther confusing a t the moment. I don 't re a l ly  know 
what we are try in g  to do. I t  seems rather vague." (Comment 
made a f te r  2 weeks o f the practica l course.)
Another problem tha t the students had in adjusting to the 
openness o f the course was judging at what pace they should work.
They were observed to rush through the experimental work and not 
plan what they were doing. They were re luc tan t to watch the video­
tapes i n i t i a l l y  because they f e l t  tha t they had not got s u f f ic ie n t  
time to spare. This meant, however, tha t they wasted time in  the 
end because they found themselves unable to perform techniques 
properly. By means o f some s l ig h t  coersion by s ta f f  they were quite 
eas ily  persuaded to watch the video-tapes during the th i rd  week.
A fte r  the th ird  week the course se tt led  down to a steady oace, 
the confusion diminished and students stopped ra is ing  these issues 
as problems in interv iews.
4 .5 .3 .2 .4  Were the resources adequate? ^
The resources available to the students were on the whole very 
adequate. As has been mentioned previously the students appreciated 
the freedom offered by s t r i c t l y  l im i t in g  the amount o f step-by-step
1. Information from observation, informal discussion with s ta f f  and 
demonstrators, video-tape questionnaires and interviews
in s tru c t io n  sheets, but to s ta r t  with found problems coping with 
the open format. The de lib e ra te ly  scanty w rit ten  ins truc t ions  had 
to be backed-up i n i t i a l l y  by a great deal o f discussion with s ta f f  
and demonstrators about how to proceed through the course and 
video-tapes to teach some o f the laboratory s k i l l s  and techniques. 
During the second and th i rd  weeks o f the course a l l  the resources 
were being f u l l y  u t i l is e d :  the unusually large number o f s ta f f  and
demonstrators ( i . e .  5 staff/demonstrators fo r  32 students) was 
f u l l y  occupied and the video-monitor was in constant use. In fa c t ,  
in the th i rd  week o f the course a second video-monitor would have 
been desirable.
During weeks 4 to 7 o f the course the demands on the resources 
dropped. The video tapes were only used occasionally and 
3 s ta f f  or demonstrators would have been s u f f ic ie n t  to discuss the 
various problems tha t arose with the students.
During weeks 8 to 10 of the course the demands on the-resources 
dropped fu r th e r .  The video-tapes were ra re ly  used and two s ta f f  or 
demonstrators would have been s u f f ic ie n t .
The reactions o f s ta f f ,  demonstrators and students to the use 
o f video tapes in the course were very favourable, th e i r  main 
advantages being, f i r s t l y  tha t they saved s ta f f  and demonstrator 
time thus making the s ta f f  and demonstrators more ava ilab le fo r  
discussion with students, and secondly, tha t they showed a c lear 
well-planned demonstration which was accessible to the students a t 
any time. A more detailed evaluation o f the use o f video-tapes in 
th is  and other courses is  included in Chapter 5.
The problems t h a t  arose in  the course were as f o l l o w s :
(1) Students were i n i t i a l l y  unw ill ing  to watch the video-tapes
(see Section 4 .5 .3 .2 .4 ) .  Perhaps i t  would be worthwhile to
include notes in the w r it te n  material fo r  each experiment 
ind ica ting  what re levant video-tapes are ava ilab le .
A second problem with video-tapes was tha t s ta f f  were 
unw il l ing  to le t  1s t year chemical engineers use the 
spectrometers when th e ir  only in s tru c t io n  had been in  the 
form o f video-tapes. They f e l t  tha t the students needed 
supervising.
(2) By the time the students had reached the 5th or 6th week o f
the course they had accumulated, as groups, quite a sizeable 
amount o f data and some groups were having trouble c o l la t in g  
i t .
(3) By the 6th or 7th week o f the course students wished to
s ta r t  the section of the ace tan ilide  experiment concerned 
with the p u r i ty  o f water but in s tru c t io n  sheets were not 
ready. Eventually students were referred to a standard te x t ­
book. This does not seem to have been a disadvantage and on 
the contrary one student commented tha t he liked  th is  
experiment more than the others because he had to do i t  a l l
by himself. Students, however, did not see the water treatment 
experiments as being integrated with the acetan ilide experiment 
and the vast m a jo r ity  o f them talked about i t  as a separate 
experiment and wrote i t  up separately.
4.5 .3 .2 .5  What were the students' reactions to 
working in groups?
Two students from each group were asked i f  they would be 
prepared to be interviewed, one a f te r  the course had been running 
fo r  2 or 3 weeks and the other a f te r  the course had been running 
about 8 weeks. Interviews were arranged with 14 students in a l l  
but 5 o f these fa i le d  to m ateria lise . The d is t r ib u t io n  o f  the 9 
remaining interviews is  indicated in Table 4.5.4.
TABLE 4.5.4
Le tte r assigned 
to group Size o f Group
Number o f students 
interviewed
A 5 0
B 5 1
C 5 2
D 4 1
E 4 2
F 4 2
G 4 1
( 1) Advantages
A ll the students interviewed mentioned two main 
advantages of working in groups. F i r s t l y ,  they had to discuss 
problems with one another, to explain d i f fe re n t  parts o f the 
experiment to one another and to reach jo in t  decisions. They 
found tha t by working in groups they were able to help one 
another cope with the open s i tu a t io n :
"You can discuss things . . .  You don’ t  feel you are d is tu rb ing  
someone i f  you are working in a group whereas you might i f
you ask something o f  someone who is  working i n d i v i d u a l l y . "
The second main advantage was tha t students were able 
rap id ly  to accumulate data and were able to compare and 
discuss resu lts .
(2) Problems
Four students thought tha t th e i r  groups were too b ig , one 
each from groups B, C, D and E. The two students from the 
groups o f 5 ( i . e .  B and C) and one from a group o f 4 ( i . e .  D) 
said tha t th e i r  groups had esse n tia l ly  s p l i t  in to  two groups 
because they found i t  too d i f f i c u l t  to organise and keep track 
o f what everyone was doing and to carry on discussions with 
such large numbers in a group. Group F also encountered 
d i f f i c u l t i e s  organising i t s e l f .
A fu r th e r  problem tha t was mentioned by 2 students was that 
they did not t ru s t  the resu lts  o f other group members.
Out o f the 9 students in terv iewed,3 said tha t they would 
have preferred to work alone but 2 o f these were from group E, 
which was unfortunate in consisting o f 4 fore ign students whose 
English was not very good.
One problem that was not antic ipated was tha t a f te r  
completing the acetan ilide experiment the students continued 
to work as a group on the carbonyl and ra d io a c t iv i ty  
experiments although these were designed to be performed 
in d iv id u a l ly  and in pa irs ,respec tive ly . This worked qu ite  
well fo r  the carbonyl experiment where in most groups a l l
the students p a r t i c i p a t e d  in  the experiment and discussed
and compared resu lts . In the ra d io a c t iv i ty  experiment however
there was no scope fo r  more than 2 people to pa rt ic ipa te  and 
in most groups only 2 members o f the group performed the
experiment and then passed the resu lts  on to the res t o f the
group.
4 .5 .3 .2 .6 S ta ff  and demonstrators
The students were unanimous in saying tha t they found the s ta f f  and 
demonstrators he lp fu l.  They found them useful when they had problems 
which they wanted to discuss and did not f ind  them too in tru s iv e .
Members o f one group commented tha t a demonstrator had to ld  them to
do something tha t was wrong near the beginning o f the course but
they appeared to have regained th e i r  confidence in the demonstrator
la te r  in  the course, when the demonstrator was be tte r acquainted 
with the course. This problem obviously arose because the 
demonstrator was inadequa> te ly  brie fed before the course. This 
issue is  discussed fu r th e r  in Section 4.5.4.
4 .5 .3 .2 .7  Were there any problems with report 
w r it in g  and the assessment?
The students kept notes o f the practica l resu lts  during the course 
but were unable to write-up the p rac tica ls  u n t i l  towards the end o f 
the course because most o f the course consisted o f one experiment, 
and students did not wish to s ta r t  w r i t in g  i t  up before they had 
fin ished i t .  Only two students mentioned report w r i t in g  in  the 
interviews and both o f these said tha t they were unsure how they
should write-up th e ir  experiments, but both these comments were 
made before an example p ractica l report from the previous group of 
students was c ircu la ted .
4.5.4 Outcomes
This section is  concerned with the educational outcomes o f the course. 
How successful was the course in achieving i t s  aims?
The c r i te r ia  by which the achievement of the educational aims w i l l  
be judged are given below with the data sources fo r  each c r i te r io n
TABLE 4.5.5
C rite r ion Data Source...................
( i ) S ta ff  opinions (a) Informal discussion with s ta f f
(2 ) Student opinions (a) Interviews
(b) Feedback sheets fo r  each experin lentT
(c) Video-tape questionnaire
(3) Factual information (a) Observation
(b) Student practica l note-books
4.5.4.1 Aims in  area E 
Data source 2a, 3a
Aim 33 : To develop students' s k i l l  in working and cooperating
with others in a team. (Primary Aim.)
I n i t i a l l y  the students were observed to be having problems 
organising themselves as groups (Section 4 .5 .3 .1 .3 .1 ) but a f te r  the
course had been running fo r  about 3 weeks they began to work be tte r 
in groups and become more re l ia n t  on one another than on s ta f f  or 
demonstrators. Students d id , however, s t i l l  mention substantial 
problems with working in groups (Section 4 .5 .3 .2 .4 .2 ) .  This may 
be because the students had not developed the a b i l i t y  to work in 
teams to a s u f f ic ie n t  extent or i t  may have been, as the students 
suggested, due to the fa c t tha t the groups were too large fo r  th is  
type o f experiment.
Nevertheless there is  no doubt tha t the students lea rn t a l o t  about 
working in groups and tha t most groups worked as quite e f f ic ie n t  
un its  most o f the time.
Another aim in area E is  one o f the secondary aims:
Aim 32 : To provide closer contacts between students and academic
s ta f f .
There was observed to be a great deal o f in te rac tion  between students 
and academic s ta f f  (Section 4 .5 .3 .1 .4 ) .  Informal conversations 
between s ta f f  and students over coffee or at the bar were not 
uncommon. Whether the s tructure o f the course produced the closer 
contact between the students and s ta f f  or whether i t  was due to the 
enthusiasm of the s ta f f  is  debatable. The course was c e r ta in ly  
structured in such a way tha t the s ta f f  and students had to discuss 
practical problems, stra teg ies fo r  problem solving etc.,but i t  is  my 
opinion tha t the unusually informal and relaxed nature o f  the 
re la tionsh ips between the s ta f f  and students was due la rge ly  to the 
enthusiasm o f the s ta f f .
4 .5 .4 .2  Aims in  areas A and C
Data sources la ,  2a, 2b, 3a, 3b.
Aim 35 : To fa m il ia r is e  the students with laboratory scale
experiments w ith in  the context o f the research and development 
requirements o f chemical engineers (Area C).
Aim 34 : To i l lu s t r a te  the relevance o f chemistry to chemical
engineers (Area A).
Aim 10 : To simulate conditions in research and development
laboratories (Area C).
Aim 19 : To develop students' a b i l i t y  to make deductions from
experimental data and to in te rp re t  experimental data (Area C).
Aim 2 : To i l lu s t r a te  material taught in lectures and tu to r ia ls
(Area A ) .
These are a l l  aims concerned with students organising the experiments 
themselves and with re la t ing  chemistry to chemical engineering.
When students were asked in the feedback sheets what they gained 
from doing the experiment the most predominant reply was practice 
in problem solving or knowledge o f the problems involved in 
designing a p i lo t  p lant (Table 4.5.6).
TABLE 4 .5 .6
What did you gain from doing the expt?
Number o f
student
comments
C R
Weighted
Total
(2)
1 Practice in problem solv ing; knowledge 
of the problems involved in the design 
of a p i lo t  plant.
2 Knowledge o f,  and practice in ,  
spec if ic  laboratory techniques.
3 Knowledge o f chemistry; practica l 
knowledge o f chemistry.
4 Understanding of the re la tionsh ip  
between chemistry and chemical 
engineering.
5 Perseverance; patience with practica l 
work.
10 10
42
21
31
Symbol used Weighting 
in Table Factor
(1) Acetanilide Experiment A 7
Carbonyl Experiment C 2
R ad ioactiv ity  Experiment R 1
(2) The weighting fa c to r  is  based on the assumption tha t what the 
students gain from an experiment is  dependent upon the time 
tha t they have spent on i t .  D irec t p ro p o rt io n a li ty  has been 
assumed in the weightings given. Although i t  is  realised tha t 
th is  assumption may not be va lid  i t  is  thought tha t a 
weighted to ta l w i l l  be a be tte r crude ind ica to r o f the outcomes 
o f the course than an unweighted to ta l .
Seven out o f the nine students interviewed commented favourably on 
the problem solving aspect o f the course (Section 4 .5 .3 .2 .3 ) and 
also found i t  re levant to them as chemical engineers (Table 4 .5 .3 ) .  
Two students, however, said tha t they did not know enough about
chemical eng ineer ing  to be able to  judge whether i t  was re le v a n t .
The seven students found the ace tan il ide  experiment p a r t ic u la r ly  
relevant because i t  taught them how to go about solving a research 
and development problem and i t  i l lu s t ra te d  the f i r s t  stage in the 
planning o f a p i lo t  p lant:
" I t  (the course) is  good fo r  us as chemical engineers. I t
gives us some basic ideas about reactions and laboratory
equipment. I t  seems relevant to chemical engineering. We 
ac tua lly  t r y  out the experiment ourselves; we t r y  d i f fe re n t  
conditions, make our own samples, te s t  them e tc . "
" I t  teaches you how to approach the problem; to read up the 
relevant matter, how to put the apparatus together, what 
apparatus to use, what reactions take place."
" I t  shows the Stages by which a chemical manufacturing 
process is  derived from o r ig ina l ideas, by try in g  i t  out in 
the labora tory, then in a p i lo t  p lant and f i n a l l y  modifying 
i t  fo r  a commercial process."
Students had d i f f i c u l t i e s  c o l la t in g  th e i r  resu lts  and drawing
conclusions from them (Section 4 .5 .3 .2 .5 ) .  Examination o f student 
reports revealed a wide range of a b i l i t y  in making deductions from 
experimental data and in te rp re t ing  experimental data. The area 
indicated by aim 19 is  therefore one in which more help is  needed 
fo r  the students.
4 .5 .4 .3  Aims in  area B
Data sources l a ,  2b, 2c, 3a.
Aim 16 : To teach basic p ractica l s k i l l s  (e.g. manipulative and
preparative s k i l l s  and techniques).
Aim 17 : To fa m il ia r is e  the students with some important
instruments and devices.
A number o f s k i l l s  and techniques were id e n t i f ie d ,  when designing 
the course, to be taught by video-tapes. Student responses to 
questions on a questionnaire about the use o f video-tapes indicated 
tha t the students thought the video-tapes were successful in  teaching 
them the d i f fe re n t  s k i l l s .
Reference to the comments made on the feedback sheets (Table 4.5.3) 
also indicates tha t the students thought tha t they had le a rn t a lo t  
about spec if ic  laboratory techniques.
Observation o f the students performing the techniques a f te r  they 
had seen the video-tapes revealed tha t they were competent in  the 
p a r t ic u la r  techniques. This was confirmed in discussion with the 
s ta f f ;  They were s a t is f ie d  with the level o f competence reached 
by the students in these s k i l l s  and techniques.
The course can therefore be considered to have successfully 
achieved aims 6 and 7 at least in the areas where s k i l l s  and 
techniques were taught by video-tapes.
4 .5 .4 .4  Aim in  area D
Data source 2a
Aim 25 : To encourage in i t i a t i v e  and resourcefulness in the
students.
The m a jo rity  o f the students interviewed mentioned the fa c t  tha t 
they had to use th e ir  i n i t i a t i v e  (Section 4 .5 .3 .2 .3 ) .  The course 
can therefore be considered to have successfully achieved th is  aim.
4.5.4.5 Summary
As fa r  as can be judged, using the mainly subjective sources o f 
data ava ilab le , the course was successful in achieving a l l  i t s  
primary aims and a l l  i t s  secondary aims with the exception o f  aim 19, 
fo r  which only p a r t ia l  success was achieved.
4.5.5 Conclusions and recommendations
This evaluation has revealed no problems which cannot be solved 
w ith in  the framework o f th is  course. The problems discussed below 
only require modifications to the course fo r  th e ir  so lu tion and do 
not require fundamental changes in the course s truc tu re .
Organisational problems and possible solutions w i l l  f i r s t  be 
discussed and then problems concerned with ind iv idua l experiments.
4.5.5.1 Organisational problems and possible 
solutions
4.5.5.1.1 E ffec tive  deployment o f s ta f f  and 
demonstrators
The central organisational problem in th is  course is  how to meet the 
requirements o f the students fo r  help from and discussion with the 
s ta f f .
The i n i t i a l  demands fo r  s ta f f  and demonstrator time were high but 
dropped o f f  as the course proceeded (Section 4 .5 .3 .2 .4 ) .  The 
demands on the s ta f f  and demonstrator time were p a r t ia l ly  m itigated 
by the use o f video-tapes fo r  teaching basic p ractica l techniques 
but nevertheless the demands remained very high. Although the 
s ta f f  and demonstrators attending th is  course were able to cope 
with the heavy i n i t i a l  demands on th e ir  time, they were assisted by 
two fac ts :
(1) The normal number o f staff/demonstrators attending a laboratory 
class o f th is  size is  3, not 5 as was the case in  th is  course.
(2) Of the 5 staff/demonstrators attending th is  course, 3 were 
well acquainted with i t  and how i t  was proposed to organise 
i t .  This again is  not normal. Usually only the one member 
o f s ta f f  who is  organising the course is  well acquainted 
with i t .  I t  would be common fo r  at least one o f his two 
postgraduate demonstrators to be inexperienced since th is  
was a f i r s t  year course, and ce r ta in ly  ne ither o f them 
would be well acquainted with the course since there is  no 
b r ie f ing  or tra in in g  fo r  demonstrators p r io r  to the course.
This course therefore had a much be tte r chance o f succeeding than 
a course with a more normal a l loca tion  o f s ta f f  and demonstrators.
There are two possible solutions to th is  problem:
(a) A f le x ib le  staff/demonstrator a l loca tion  would be helpful
with 5 staff/demonstrators fo r  the f i r s t  three weeks o f the 
course, 3 staff/demonstrators fo r  the next four weeks and
2 staff/demonstrators fo r  the f in a l  three weeks. This kind 
o f f le x ib le  a l loca tion  o f staff/demonstrators would mean tha t 
over the whole of the ten week course the s ta f f in g  a l loca tion  
would be very s im ila r  to tha t in a normal s i tu a t io n .
(b) I t  is  imperative tha t as the number o f s ta f f  and demonstrators, 
who have been d i re c t ly  concerned with organising the course, 
drops, the new demonstrators drafted onto the course be 
trained or a t least well brie fed about the course. They must 
be well acquainted with the aims o f the course, the organisa­
t ion  of the course and with th e i r  ro le with respect to the 
students; how they should go about discussing problems w ith 
the students and the extent to which they are expected to 
c r i t i c i s e  students' techniques.
4 .5 .5 .1 .2  Report w r i t in g  and c o l la t in g  resu lts
The students were found to be having d i f f i c u l t i e s  c o l la t in g  the 
resu lts  o f the open experiment by the time they reached the f i f t h  
or s ix th  week o f the course (Sections 4 .5 .3 .2 .5  and 4 .5 .4 .2 ) .  In 
the m a jority  o f the courses surveyed in Section 2.2.3.2 some so r t  
o f formal discussion with each group plus a member o f s ta f f  or
demonstrator was held at th is  stage- In th is  course the students 
could be asked to present fo r  discussion in  a seminar, a summary 
o f th e i r  re su lts ,  what conclusions they had drawn and what fu r th e r  
information they needed. Such a seminar would also have given 
the staff/demonstrators an opportunity to give some guidance about 
report w r i t in g  (see Section 4 .5 .3 .2 .6 ) .
4 .5 .5 .1 .3  Problems with groups 
(a) Size o f groups
Students f e l t  tha t groups with f iv e  students in them were too large 
(Section 4 .5 .3 .2 .5 ) .  Perhaps groups o f three or four students 
would have been be tte r. I t  must be remembered, however, tha t one 
of the aims of the course was ' to  develop students' s k i l l  in  
working and co-operating with others in a team'. I t  is  to be 
expected tha t in achieving th is  aim the students w i l l  encounter 
problems. Another so lu tion to changing the size o f  the groups 
is  to consider new methods o f t ry ing  to make the groups more 
cohesive.
;(b) Problems of experiment design
Students did a l l  the experiments in the course as group experiments 
although two o f them had not been designed to be done in th is  way 
(see Section 4 .5 .3 .2 .5 ) .  I f  a l l  the experiments are going to be 
done as group experiments, then those tha t are not designed as group 
experiments need to be revised so tha t they are o f more bene f it  to 
students working in groups.
4 .5 .5 .1 .4  Preknowledge
As noted in  Sect ion  4 .5 .3 .1 .1  pa r ts  o f  the course over lapped w i th
A-level but on the other hand some students thought tha t they did 
not know enough about some experiments before they did them ( i . e .  4 
students fo r  the ace tan ilide  experiment and 5 students fo r  the 
carbonyl experiment).
The content of the course must therefore be re-examined to f in d  out 
whether the aims o f the course can be achieved w h ils t  a t the same 
time e lim inating overlap with A -leve l. In addition study guides 
could be produced to help students who were un fam ilia r w ith the work.
4 .5 .5 .1 .5  Assessment
In i t s  present form the assessment did not produce any pos it ive  
reinforcement o f the educational aims o f the course.
In order to assess the aims o f the course a wider range of 
assessment techniques must be used.
4.5.5.2 Problems with ind iv idua l experiments
4.5.5.2.1 Lack o f cohesion o f acetan il ide 
experiment
Two facets o f the acetan ilide experiment were not s u f f ic ie n t ly  
integrated with the experiment. These are the video-tapes (Sections
4.5 .3 .2 .3  and 4 .5 .3 .2 .4 ) and the treatment o f water experiment 
(feedback sheets). These two problems could be solved by a lte r in g  
the w rit te n  material given to the students i . e .  by ind ica ting  the 
relevance o f the video-tapes and by describing e x p l ic i t l y  how the 
water treatment experiment is re levant and what part the resu lts
should p lay  in  the f i n a l  r e p o r t .
4.5 .5 .2 .2  Students who thought tha t they gained 
nothing from certa in  experiments
Apart from the problems mentioned in Sections 4 .5 .5 .1 .3  and 4 .5 .5 .1 .4  
a central problem with the carbonyl and ra d io a c t iv i ty  experiments is  
to make the students feel tha t they have gained something from 
doing these experiments.
Perhaps the fa u l t  Ties in  the content (Sections 4 .5 .3 .2 .2 ) or perhaps 
in the ra ther t ra d i t io n a l design o f the experiments.
4 .5 .5 .3  Summary
Most o f the problems described above are minor and are o f the type 
tha t one would expect with a new course. One central problem, 
however, stands out: This is  the problem o f s ta f f in g  a course when 
the s tudent: s ta f f  ra t io  is  very low. I f  postgraduate demonstrators 
are used the demands on s ta f f  time drop but the demonstrators must 
be tra ined.
4.6 An eva lua t io n  o f  a second year  phys ica l  chemis t ry  la b o ra to ry
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I n t r o d u c t i o n
Courses I to IV described in the e a r l ie r  part of th is  chapter were 
a l l  at the same un ive rs ity .  In order to gain an appreciation of 
how in s t i tu t io n a l  factors can a f fe c t  chemistry laboratory courses 
i t  was decided to study two courses at d i f fe re n t  in s t i tu t io n s .  The 
f i r s t  o f these is described in th is  section.
The course was selected on the basis o f the questionnaire responses 
in Chapter 3. The course was run at a polytechnic which was 
reasonably accessible to the evaluator. The course was also claimed 
to be c lose ly integrated with the theory course and i t  was thought 
valuable to f ind  out how th is  in tegra tion  was achieved. I t  soon
became apparent tha t the course was not f u l l y  integrated but i t  did
contain two aspects which had as yet not been studied, i . e .  the use 
o f pairs and the use o f computers, and fo r  th is  reason i t  was decided 
tha t th is  would be a worthwhile course to study.
4.6.1 Methods o f evaluation
I n i t i a l l y  the evaluation was to be based on questionnaires, interviews 
and observation, w ith about equal emphasis on each. The response 
rates fo r  the questionnaires.were, however, very low and the 
evaluation strategy had to be modified in order to obtain the required 
information by other means. More emphasis was, there fore , placed on 
interviews than had o r ig in a l ly  been planned, and by the end o f  the 
course 17 out of the 25 students (68%) attending the course had been 
interviewed.
The sources o f data fo r  the evaluation, the times when the p a r t ic u la r  
sources were used and the stages in the evaluation to which they are 
mainly re lated are outlined below. A ll re levant questionnaires and 
interv iew schedules are included in Appendix A 4.6.
Data sources
Total number o f students attending course = 25
Total number o f s ta f f  regu la r ly  attending course = 4
Total number of demonstrators attending course = 1
Total number o f technicians attending course 2
Data source Time of use Response
1
Stage o f 
evaluation
(1) Documentary evidence 
Ins truc t ion  sheets given 
to students
p r io r  to and 
during course - ( i )
(2) Observation
Observation as a researcher throughout c. - ( 1) ( 11)
(3) Interviews 
(a) s ta f f
type 1 in terv iew - 
1 member o f s ta f f
p r io r  to the 
course
. ( i ) ( i i )
type 2 and informal 
discussion - 4 members 
o f s ta f f
throughout
course a l l ( i ) ( i i ) ( i i i )
(b) students
17 students (68%) 
mainly type 1. More 
de ta ils  below.
throughout
course c<1)> +-> 
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week 7
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3
8
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1
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1 See sec t ion  4 .1 .2
In order to guard against possible bias in the in terv iew and questionnaire 
data the respondents have been analysed as fo llows:
The evaluator assigned the students to 5 groups according to p rac tica l 
a b i l i t y ,  on the basis o f his contact with the students. These groups 
were discussed with the course organiser as a re su lt  o f which the 
3 middle groups were condensed in to  a single 'average' group and 2 
students were reallocated to d i f fe re n t  groups. Table 4.6.1 compares 
the a b i l i t y  groups fo r  the whole class with those attained in the 
questionnaires and interviews:
TABLE 4.6.1
A l l  class Questionnai re Interview 1 Interv iew 2
1 1
I n t . 1+2
Weak 7 0 0 3 3
Average 12 6 4 7 9
Good 6 2 2 5 5 •
I t  can be seen that the interviews were re la t iv e ly  unbiased according 
to p ractica l a b i l i t y  whereas the students return ing the questionnaires 
were an above average sample. Throughout th is  report the source o f 
data has been quoted so that i t  is  possible to check the data fo r  bias.
1 Two interv iew schedules were used fo r  students in th is  course. 
'In te rv iew  1' refers to the f i r s t  in terv iew schedule used fo r  
the f i r s t  3 weeks of the course and ' in te rv iew  V  re fers  to a 
revised in terv iew schedule used fo r  the rest of the course.
4 .6 .2  Aims
Students' opinions o f the aims o f the course were obtained from aims 
questionnaires fo r  which there was a 32% response ra te . In addition 
8 (32%) o f the students were asked in interviews what they thought 
the aims o f the course were, making a to ta l o f 14 (56%) o f the 
students who provided information about aims (2 students were in both 
groups).
The course organiser also completed an aims questionnaire and a 
fu r th e r  member of s ta f f  was interviewed about the aims.
The evaluator was also present a t an in troductory lectu re  given by 
the course organiser which im p l ic i t l y  outlined some o f the aims, 
although these were not stated e x p l ic i t l y .
4 .6 .2.1 Aims o f the present course
Graph 4.6.1 is  a p lo t o f the mean ratings fo r  the aims o f the present 
course given by the 8 students who returned the questionnaire against 
the corresponding ra ting  given by the course organiser.
I t  is  c lear tha t the course organiser is  try in g  to achieve a wide 
va r ie ty  of aims.
Both the course organiser and the students f e l t  tha t aim 2 (area A) 
was important.
Aim 2: 'To i l lu s t r a te  material taught in lectures and t u t o r ia l s . '
This emphasis was conf irmed in  in te rv ie w s  w i th  two members o f  s t a f f
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and by 6 of the 8 students who were asked in interviews what they 
thought were the main aims o f the course (see Table 4.6.2) A 
typ ica l student comment was that the aim was ' to  see the reaction 
happening in f ro n t o f you; to see things tha t have only been dealt 
with in theory before1.
The course organiser also emphasised the re la t ionsh ip  between the 
p ractica l course and the theory courses in an in troductory lecture 
fo r  the practica l course.
TABLE 4.6.2 Aims o f the course derived from 8 student interviews
Aim no. o f students s ta t ing  the aim
(1) To i l lu s t r a te  the theore tica l material 
taught in lectures (aim 2 ) 6
(2) To learn basic manipulative s k i l l s  and 
techniques (aim 6 ) 2
(3) To learn how to use certa in  instruments 
(aim 7) 1
(4) To learn how to organise oneself in 
the laboratory (aim 17) 1
(5) Do not know 1
The course organiser and the students also agreed that aims 19, 22,
30 and 33 were important.
Aim 19: 'To develop students' a b i l i t y  to make deductions from
experimental data and to in te rp re t  experimental data (area C ) '.
Aim 22: 'To t ra in  students in w r i t in g  reports on experiments (area C ) '.
Aim 30: 'To t ra in  students in extracting  information from the l i te ra tu r e
(inc luding tra in in g  in the use o f the 1ibra ry)(area C ) '.
Aim 33: 'To develop students' s k i l l  in working and cooperating with 
others in a team (area E ) '.
Of these the course organiser, in the in troductory lec tu re , emphasised 
tha t i t  was important to examine resu lts  to see where errors might 
have occurred and encouraged students to read the section o f the 
laboratory manual dealing with the treatment of e rrors .
The main emphasis o f the course, however, was in area A in i l lu s t r a t in g  
material taught in the lectures.
4 .6 .2.2 Aims over which there was disagreement
The aims over which there is  some disagreement are indicated in 
Graph 4.6 .2. In Graph 4.6.2
(a) only the aims where disagreement between the course organiser 
and the students > 1.0 on the ra ting  scale have been p lo tted .
(b) X indicates tha t the course organiser thought the aim was more 
important than did the students, and 0 indicates tha t the 
students thought the aims was more important than did the course 
organiser.
The most important differences are in the top r ig h t  hand corner o f 
the graph. These differences are discussed in section 4 .6 .3.1 in 
the l ig h t  o f what ac tua lly  happened in the course.
4 .6 .2.3 Aims o f an ideal course
Graph 4.6.3 is  a p lo t of the mean ratings of the aims o f an ideal course 
by students against the corresponding ra tings given by the course
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I t  can be seen tha t both the course organiser and the students were 
very undiscrim inating in the aims tha t they would l ik e  emphasising
and tha t they would l ik e  the course to emphasise aims in a l l  f iv e
areas A, B, C, D and E.
4.6.3 How did the course go about achieving the aims?
Having established what the aims of the course were, i t  is now 
important to compare what ac tua lly  happened in the course w ith the 
aims o f the course. How did the course go about achieving i t s  aims 
Was the enactment o f the course congruent with the aims?
4 .6 .3.1 How was the course structure^?
In th is  section the evaluation w i l l  be focussed on the fo llow ing 
areas:
1. Length o f courserHow was the time allocated to the course used?
2. Course content: Was the course content su itab le  fo r  achieving the
aims o f the course?
3. Resources: What resources were ava ilab le to the students?
4. A c t iv i t ie s :  What did the students, s ta f f ,  demonstrators and
technicians ac tua lly  do in the laboratory? How did 
they in te ra c t with one another?
5. Assessment: How was the assessment carried out?
4 .6 .3.1.1 Length o f course
The course was scheduled to run fo r  10 weeks in the Spring term o f 
1976, but in fa c t a f te r  the eighth week o f the course no students
attended the la b o ra to ry .
Table 4.6.3 shows the mean student attendance in the Physical 
Chemistry laboratory each week.
TABLE 4.6.3 Student attendance based on observations made 
throughout the day, each week
Week o f 
course
Mean student 
attendance in 
Phys Chem.Lab.
no. o f 
observations 
made
Mean student attendance 
corrected to include students 
not in Phys. Chem. Lab.
1 18.0 9 22.5
2 18.7 6 23.2
3 17.0 3 21.3
4 13.7 7 17.1
5 14.3 7 17.9
6 12.1 8 15.1
7 8.5 4 10.6
8 3.9 7 4.9
9 0.0 1 0.0
Each week there were two laboratory sessions both las t in g  from 10.00 a.m. 
to 5.00 p.m. with an hour lunch break, although the laboratory was 
supervised during the lunch break to enable students to continue 
working i f  they wished.
4 .6 .3.1.2 Course content
The course was made up o f 44 experiments. The experiments were divided 
in to  four branches of Physical Chemistry as fo llows:
Branch o f  Phys. Chem. No. o f  experiments
Thermochemistry
Kinetics
Electrochemistry
Spectroscopy
11
10
12
7
There were also three experiments on surface chemistry and one on 
X ray crysta llography.
A ll the s ta f f  who gave lectures re lated to the laboratory course were 
involved in the course (see section 4 .6 .3 .1 .3d).
The students were expected to comlete 20 experiments of which the 
grades fo r  the best 15 would form the f in a l  course mark.
The students had a guided choice o f which experiments to do: the 
course organiser advised students to do certa in  experiments in each 
branch o f Physical Chemistry a f te r  which students were free to 
pursue th e i r  own in te res ts  w ith in  the framework o f the experiments 
ava ilab le . Eleven o f the experiments were studied by 80% or more o f 
the students w h i ls t  e ight experiments were studied by none. At the 
beginning o f the course students selected partners and worked with the 
same partner throughout the course as a pa ir .  Each o f the students 
studied a d i f fe re n t  set of experiments in a d i f fe re n t  order from the 
other students: The amount of in tegra tion  between the lecture courses 
and laboratory courses was therefore l im ite d . Some students would 
do a p a r t icu la r  experiment before i t  had been studied in the lectures 
w h ils t  others would do i t  afterwards.
4 . 6 . 3 .1 .3  Resources
The resources a v a i l a b le  to  each s tudent  were:
(a) Written material
A laboratory manual, containing step-by-step ins truc tions  fo r  almost 
a l l  the experiments together with some theore tica l background to each 
experiment.
(b) Apparatus
One set o f apparatus fo r  each experiment was ava ilab le in a va r ie ty  
o f locations so tha t students only had the opportunity to do an 
experiment i f  no other students were doing i t .
(c) Calchem
Two Computer Asserted Learning in CHEMis t r y  (Calchem) programmes were 
available fo r  the students to study. Both went over the theore tica l 
background to certa in  experiments with the students and one guided 
students in the design o f an experiment. The students did the 
programmes in pa irs.
The programmes were based on programmed learning p r inc ip les  and used 
branching to programmes. The questions were typed out and students 
typed in th e ir  responses.
The one programme tha t allowed students to design th e i r  own experiment 
was the only opportunity in the course fo r  students to design th e i r  
own experiment, which accounts fo r  the discrepency between the opinions 
of the course organiser and the students about aims 10 , 12 and 15 (see 
section 4 .6 .2 .2 ).
(d) People
The mean observed attendance and s ta f f in g  ra t ios  over the 8 weeks fo r  
which the course e f fe c t iv e ly  ran are shown in  Table 4.6.4 below.
TABLE 4.6.4
( i )  Attendance: ( i i )  Mean o f numbers present 
throughout course in 
Phys. Chem. Lab.
Students 15.2
S ta f f 1.5
Demonstrators 1.2
Technicians 1.5
( i i )  S ta ff ing  ra t io s :
Students : S ta f f 10 : 1
Students : Demonstrators 13 : 1
Students : S ta f f  + Demonstrators 6 : 1
Students : Technicians 10 : 1
These ra t io s ,  however, varied over the duration of the course because 
of the f a l l  in students' attendance (see Table 4 .6 .3 ) ,  w h i ls t  the 
numbers o f s ta f f ,  demonstrators and technicians present were maintained
The student : s ta f f  ra t io  also varied during each day because the 
number o f students present throughout the day remained f a i r l y  constant, 
whereas s ta f f  attendance dropped o f f  (see Table 4 .6 .5 ) . This was 
because the course organiser who attended the laboratory course between
10.00 a.m. and 3.00 p.m. encouraged other members of s ta f f  to be present 
in the morning, and p a r t ic u la r ly  during the f i r s t  hour each day. In 
a l l  4 members o f s ta f f  attended the Physical Chemistry Laboratory, the 
course organiser more frequently than the others.
TABLE 4.6.5 Variation o f s ta f f  attendance with time o f day
Time Mean no. o f s ta f f  present
No. o f 
observations
10.00 - 11.00 1.8 15
11.00 - 12.00 1.4 17
12.00 - 1.00 1.4 12
1.00 - 2.00 1.4 5
2.00 - 3.00 1.0 8
3.00 - 5.00 0.8 5
In addition to the experiments which were carried out in the 
Physical Chemistry Laboratory, the spectroscopy experiments and X-ray 
crystallography experiment were carried out in separate labora tories 
and were supervised by 3 members o f s ta f f  whose o ff ice s  were adjacent 
to the spectroscopy and crysta llography labora tories. Students were 
observed to spend about one f i f t h  o f th e i r  time in these labora tories 
performing experiments.
4 . 6 . 3 .1 .4  A c t i v i t i e s
4 .6 .3.1.4.1 Student a c t iv i t ie s
The course began on a Monday with an in troductory lecture which a l l  
the students attended. This was given by the course organiser and 
described the re la tionsh ip  between the laboratory course and the 
theore tica l chemistry covered in lecture courses. I t  was also used 
to explain the requirements o f the course.
On the fo llow ing Friday work in the laboratory began. The students 
were observed on 54 occasions over the e ight weeks fo r  which the 
course ran. They usually worked from about 10.00 a.m. u n t i l  sometime 
a f te r  4.00 p.mJ with a break of about h a lf  an hour fo r  lunch. Their 
a c t iv i t ie s  are shown in Table 4.6.6.
TABLE 4.6.6 Student a c t iv i t ie s
Wksl-4 Wks 5-8 to ta l
Total no. of observations made of students = 481 + 2 1 7  = 698
No. o f times observed = 54
Wks 1-4 Wks 5-8 A ll
n % n % n %
(1 ) Working at bench 254 52.8 118 54.5 372 53.3
(2) Talking with other student 
in pa ir 117 24.4 49 22.6 166 23.8
(3) Talking to s ta f f 47 9.8 12 5.6 59 8.4
(4) Talking to demonstrator 36 7.5 7 3.2 43 6.2
(5) Talking to technician 2 0.04 11 4.7 13 1.9
(6 ) Talking to student in 
d i f fe re n t  pa ir 4 0.1 13 6.1 17 2.4
(7) Wri te-up 2 0.04 2 0.1 4 0,06
(8 ) Informal chat with 24 A Q 0 0.0 24 Q Aother students
For foo tno te  see next page
I t  can be seen t h a t  the major p a r t  o f  a s tu d e n t 's  t ime is  spent a t
the bench e ith e r performing the experiment (53%) or ta lk in g  to his
?
partner about the experiment (24%) . I t  is in te res ting  to note that 
the to ta l amount o f time that students spent ta lk ing  to other people 
besides th e ir  partner changed l i t t l e  between the f i r s t  and second 
h a lf  of the course, but tha t the students talked less to s ta f f  and 
demonstrators in the second h a lf  o f the course and more to the 
technicians and to students from other pa irs.
4 .6 .3 .1 .4 .2  S ta f f  a c t iv i t ie s  
Table 4.6.7 shows what s ta f f  ac tua lly  did in the laboratory.
TABLE 4.6.7 S ta f f  a c t iv i t ie s
Wks 1-4 Wks 5-8 Total 
Total no. o f observations made of s ta f f  = 4 3  + .35 =. 78
No. of times observed = 55
Wks
n
1-4
%
Wks
n
5-8
%
All 
n %
0 ) Talking to students 32 74 11 31 43 55
(2 ) Talking to s ta f f 0 0 10 29 10 13
(3) Talking to demonstrators 0 0 2 6 2 3
(4) Marking 2 5 8 23 10 13
(5) A llocating  experiments 3 7 1 3 4 5
(6) Other, e.g. reading 0 0 2 6 2 3
(7) Nothing; walking around c 1 A o 7 n
the la b . ;  s i t t in g  a t desk 0 1 H 1 o / y
1 The evaluator was only able to be present on one occasion a f te r
4.00 p.m.
2 I t  was not possible to determine whether a l l  the ta lk in g  was 
about practica l work, but i t  is my impression tha t i t  usually  was.
For the f i r s t  h a lf  o f the course the major part o f the time was spent 
ta lk in g  to students but as the course proceeded they spent considerably 
less time ta lk in g  to the students. Part of th is  drop can be a tt r ib u te d
to a f a l l  in student attendance from a mean 21.0 in the f i r s t  h a lf  o f
the course to 12.1 in the second h a lf  o f the course, but not a l l .
As noted in section 4.6.3.1.4.1 the students appeared to consult other 
people fo r  help in the second h a lf  o f the course.
The s ta f f  used about h a lf  the time released by ta lk in g  to the students
less, fo r  marking and the other h a lf  was spent ta lk in g  to colleagues.
4 .6 .3 .1 .4 .3  Demonstrator a c t iv i t ie s
A s im ila r  trend was noted with the demonstrators (Table 4 .6 .8 ) ,  but 
TABLE 4.6.8 Demonstrator a c t iv i t ie s
Wks 1-4 Wks 5-8 A ll
Total no. o f observations made o f demonstrators 38 + 25 = 6 3
No. o f times observed = 52
Wks 1-4 Wks 5-8 A ll
n % n % n %
( 1 ) Talking to students 29 76 7 33 36 55
(2 ) Helping students to 1 o 1 o ofind  apparatus O 4 2 3
(3) Talking to s ta f f 0 0 2 8 2 3
(4) Talking to demonstrators 0 0 4 16 4 6
(5) Talking to technicians 1 3 2 8 3 5
(6 ) Marking 1 3 0 0 1 2
(7) Other, e.g. reading 2 6 3 12 5 8
(8 ) Nothing; walking round; 
s i t t in g  at desk 4 13 6 24 10 16
because the s ta f f  did most o f the marking, the demonstrators spent 
most o f th e ir  free time in the second h a lf  o f the course e ith e r doing 
a c t iv i t ie s  unrelated to helping the students (items 3, 4, 5, 7) or 
doing nothing (item 8 ).
4 .6 .3 .1 .4 .4  A c t iv i t ie s  o f technicians
The important ro le  o f the technicians was not realised u n t i l  the 
course had been running fo r  a few weeks and consequently fewer 
observations were made of th e i r  a c t iv i t ie s  (Table 4 .6 .9 ) .
TABLE 4.6.9 A c t iv i t ie s  o f technicians
Wks'1-4 Wks 5-8 A ll
Total no. o f observations made o f technicians 13 + 14 27
No. o f times observed = 22
Wks
n
1-4
%
Wks
n
5-8
%
A ll 
n %
(1 ) Showing students where 
apparatus is 3 23 0 0 3 11
( 2) Helping students to 
operate apparatus 1 8 7 50 8 30
(3) Social chat with students 0 0 2 14 2 7
(4) Talking to demonstrators 1 8 3 21 4 15
(5) Other in  la b . , e.g.
looking a f te r  apparatus 4 31 2 14 6 22
(6 ) Nothing; s i t t in g  a t desk 4 31 0 0 4 15
I t  can be seen tha t in the second h a lf  o f the course the technicians 
played an important ro le  in the practica l course by helping students 
to operate the apparatus and instruments.
4 .6 .3 .1 .5  Assessment
The students were expected to w r ite  f u l l  reports fo r  each o f the 20 
experiments tha t they were expected to complete, but the mark given 
fo r  the course was based on the best 15 experiments.
Students were to ld  tha t they could have only 2 experiments not 
w ritten-up at any one time but no attempt was made to enforce th is  
regula tion.
The s ta f f  did nearly a l l  the marking, some o f i t  w h i ls t  they were in 
the laboratory and some of i t  a f te r  the course had f in ish ed , because 
many students did not write-up some o f th e ir  experiments u n t i l  a f te r  
the course had f in ished.
The reports were a l l  assessed sub jective ly .
Oral reports by students were not used, although s ta f f  did occasionally 
have discussions with students about th e i r  reports. The r a r i t y  o f 
oral communication about resu lts  accounts fo r  the gross descrepency 
between the students' and the course organiser's perception .of the 
importance of aim 23 in the course.
4 .6 .3.2. How did the part ic ipan ts  react to th is  
p a rt icu la r  course structure?
This section is concerned with the reactions o f the pa rt ic ipan ts  to 
the structure o f the course and to any problems tha t arose. The 
questions that th is  section focusses on are:
(1) What were the reasons fo r  the students f in is h in g  the practica l 
course early? What e f fe c t  did th is  have upon the course?
(2) What were the reactions to the course content?
(3) How adequate were the availab le resources?
(4) What were the students' reactions to the assessment scheme?
4 .6 .3.2.1 Reasons fo r ,  and e ffec ts  o f f in is h in g  the 
course early
4 .6 .3.2.1.1 Reasons fo r  rushing
When the course started i t  was noted tha t students worked indus tr ious ly  
in the laboratory. The high level o f a c t iv i t y  continued and some 
students were found to be completing the laboratory a t the rate o f 
2 experiments per day. Consequently as mentioned in section 4 .6 .3.1.1
most students completed the laboratory course in 6 or 7 weeks instead
o f in 10. The numbers o f students completing d i f fe re n t  numbers o f 
experiments is shown in Table 4.6.10
TABLE 4.6.10
No. of experiments completed No. o f students
16 I 1
17 0
18 4
19 6
20 8
21 2
22 2
23 2
1 Only 1 s tudent  worked alone
The cause of the students rushing through the practica l course was 
undoubtedly the overa ll degree course s tru c tu re , together w ith a 
p ractica l course which allowed students to work at th e ir  own pace.
The degree course was divided in to  un its . In order to obtain a 
degree the students had to pass 9 un its . There were 3 units each 
year and the Physical Chemistry Laboratory course was part o f the 
second year.Physical Chemistry u n i t ,  which also comprised 5 lecture 
courses. Each u n it  lasted one term at the end o f which there were 
exams to assess the lecture courses. The practica l course was 
assessed on the basis o f w r it ten  reports o f the experiments submitted 
throughout the term.
The academic s ta f f  involved in the practica l course were c r i t i c a l  o f  
the u n it  s tructure of the degree. Two o f them said tha t they 
objected to the fa c t that the Chemistry degree course was divided 
in to  concentrated ‘ packages' and that students had l i t t l e  time to 
assim ilate and re f le c t  upon the subject matter before they were 
examined on i t .  They f e l t  tha t the students rushed through the 
practica l course in order to leave themselves more time to revise fo r  
the exams. One of them pointed out tha t each experiment counted fo r  
only 1% w h i ls t  the exams counted fo r  85%, so i t  was in  the students' 
in te re s t  to sa c r if ic e  th e ir  p ractica l work in favour o f the exams.
Seven out o f the e ight students responding to question 7 in the 
questionnaire said tha t the fa c t tha t there were exams a t the end of 
the u n it  made them rush through the practica l work so tha t they had 
more time fo r  rev is ion la te r  in the term. Three students made s im ila r  
comments in interv iews. A typ ica l student comment was:
' I  l ik e  to get a l l  the practica l done as soon as possible leaving as 
much time as possible fo r  rev is ion , preparing fo r  the exams. When you
th ink of i t ,  the practica l is only 15% so I don 't want to lose out 
on the other marks. '
Another two students, however, said tha t the exams had no e f fe c t  on the 
way in which they worked in the laboratory. One of them said tha t 
he ju s t  did each experiment as well as he could and, s ig n i f ic a n t ly ,  
he and his partner were amongst the few students s t i l l  present in 
the laboratory during week 8 and they completed 23 experiments (more 
than any other pa ir) instead o f the 20 recommended. The other student 
continued working s tead ily  in the laboratory u n t i l  week 7 a f te r  which 
she and her partner stopped having completed 18 experiments.
4 .6 .3 .2 .1 .2  Effects o f rushing
(1) Understanding
One e f fe c t  tha t might have been expected is  tha t students' understanding 
might su ffe r i f  they rushed. This did not happen. When asked in 
interviews how well they understood the experiments w h i ls t  they were 
in the laboratory, four students (25%) said that they nearly always 
understood them, nine students (56%) said tha t they usually understood 
them and three students (19%) said tha t they understood some o f them.
The reasons were as fo llows:
(a) When asked whether they prepared fo r  the practica l work by reading 
each experiment in the laboratory manual before they came in to  the 
laboratory 10 students (71%) said that they always did and fou r students 
(29%) said tha t they ususally d id . Eight students said tha t in  
addition they also sometimes read textbooks before coming in to  the 
laboratory. Early in the course four students mentioned tha t they
were sometimes unable to study in advance because they did not know 
in advance which experiment they would be doing. This ceased to be 
a problem as the course proceeded, presumably because students made 
sure tha t they knew in advance which experiment they would be 
studying.
The motivation fo r  studying in advance was as fo llows:
(1) Twelve students (86%) said tha t i t  helped them to plan and to 
organise themselves in the laboratory,
(2) Nine students (64%) also said tha t i t  helped them to understand 
the experiments. This in turn helped them to execute them more 
e f f ic ie n t ly .
(3) The course organiser encouraged the students to study beforehand.
Reading beforehand, thus saved time fo r  the students as well as helping 
them to understand the experiments.
(b) A second reason fo r  the students understanding the experiments as 
they did them, was tha t they had studied the re lated theore tica l 
material previously in lectures. Nine students said in interviews 
tha t the theore tica l material fo r  some o f the experiments had been 
covered in e a r l ie r  years and s im i la r ly  in the questionnaire students 
said tha t about a th ird  o f the theore tica l material had been covered 
in previous years. This was p a r t ic u la r ly  true in the f i r s t  3 weeks 
o f the course when the s ix  students interviewed at th is  stage were 
unanimous in saying tha t so fa r  the laboratory course had been l i t t l e  
re lated to the present year's lectu res, but was re lated to work 
previously covered. As the course proceeded i t  became more re la ted 
to the current lecture courses. Two students said tha t nearly a l l
the experiments were re la ted , two said that most were and six said 
tha t some or a few were.
(c) The fa c t tha t students worked in pairs helped them to understand 
the experiments. This is  discussed f u l l y  in section 4 .6 .3 .2 .3 .4 .
The factors a ffec t ing  whether students understood the experiments 
are summarised in Figure 4.6.1.
FIGURE 4.6.1
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pairs
Reading beforehand
Material covered 
in previous years
Helps planning and 
organisation o f work
Experiments re lated to 
th is  year's lectures
Factors which inh ib ited  the students' understanding o f experiments 
w h i ls t  they did them were:
(1) Not having covered the material in lectures (3 students)
(2) Rushing; not having time to read the theory (2 students)
(3) Not reading the experimental theory and ins truc tions  beforehand 
(1 student)
I t  seems tha t in order to work e f f ic ie n t ly  in  the laboratory the 
students were prepared to read about the experiments before they 
came in to  the laboratory and thus gained quite a good understanding 
o f the experiments before they s tarted. Rushing seems to have 
prompted the students to make more e f fo r ts  to understand the experiments.
(2) Write-up
Another e f fe c t  o f rushing was on the write-up.
The course organiser estimated tha t i t  took about 2 hours to write-up 
each experiment . Since the students did on average 3 experiments 
per week th is  meant a to ta l o f 6 hours w rit ing -up  per week. Students 
usually wrote up the experiments a week or two weeks a f te r  they had
completed the practica l work, i . e .  they were constantly 3 to 6
2 3experiments behind with th e i r  write-ups . Fourteen students (78%)
thought tha t the gap between doing the experiment in the laboratory
and w r it in g  i t  up did not matter. Four students, however, thought
tha t there was a tendency to fo rget the experiments.
The fa c t tha t students rushed does seem to have delayed the w rit ing -up  
o f experiments but th is  did not seem to matter fo r  most students.
1 Estimates made by four students in interviews agree with th is  
f igure
2 Information from 8 questionnaires and interviews o f a fu r th e r  
6 students
3 12 out of 15 students consulted in interviews and 7 out o f the
8 students who returned the questionnaire; 5 students were 
represented in both questionnaires and interv iews.
4 .6 . 3 .2 .2 .  Reactions to  the course content
4 .6 .3.2.2.1 Relevance
Each pa ir o f students did a d i f fe re n t  set o f experiments in a d i f fe re n t  
order from any other pa ir (section 4 .6 .3 .1 .2 ) .  Overall students 
thought tha t about one th i rd  o f the experiments were re lated to 
previous years' work and tha t only some o f the experiments were 
related to the current lecture courses (section 4 .6 .3 .2 .1 ) .
Obviously a student's perception of the relevance of a p a r t ic u la r  
experiment to the lecture courses would depend on when he did i t .
The evidence from feedback sheets indicates tha t the students' 
perceptions o f the relevance o f the experiments d id , in fa c t ,  vary 
considerably^.
I t  was pointed out in section 4 .6 .3.1.2 tha t the students had a 
guided choice o f experiments. This did in fa c t  mean that there was 
some sort o f progression in the course. The course organiser 
started the students o f f  with easier experiments re lated to the 
theory covered in previous years (section 4 .6 .3 .2 .1 .2) and la te r  the 
students began to tackle experiments re lated to the current lectu re  
courses.
In discussions the course organiser said tha t he expected students
to concentrate on those areas tha t interested them most. In actual
2
fac t 16 students (64%) did not concentrate on a p a r t ic u la r  area and 
seemed to view the practica l course as a broadly based course 
i l lu s t r a t in g  a l l  the Physical Chemistry lecture courses. This was
1 The 12.4% response rate fo r  feedback sheets precludes th is  evidence 
from being viewed as very fo rc e fu l.
2 These students a l l  did between 3 and 5 or 4 and 6 experiments in 
each o f the main branches o f Physical Chemistry.
emphasised by two students (free response section o f questionnaire) who 
said tha t there was not s u f f ic ie n t  time to do a l l  the experiments 
although they were a l l  useful fo r  the Physical Chemistry u n i t .  This 
d ifference between the opinions o f the course organiser and the students 
explains the large discrepency noted in section 4.6 .2 .2  about the 
importance o f aim 5 in the course:
Aims 5: 'To study a small area of chemistry in depth!.
The fa c t  tha t in tegra tion  between the laboratory course and the 
lectures was l im ited  was seen as a problem by one o f the members o f 
s ta f f ,  but an inev itab le  one where fo r  many experiments only one set 
o f apparatus is ava ilab le .
F ifteen students (7 in questionnaires, question 8 ,and 8 in interviews) 
said tha t they preferred to have the lectures before the re lated 
experiments rather than afterwards, w h i ls t  three students thought 
that i t  did not matter.
Ten students (7 in questionnaires, question 9; 3 in interviews) 
were agreed tha t the main advantage o f having the lectures f i r s t  was 
tha t when they did the experiment they could understand i t ;  they would 
know what they were doing and why.
They saw two problems i f  they did an experiment before they had 
covered the re lated theory in lectures:
(1) They would not have enough theore tica l background to be able 
to understand the experiments (10 students: 5 in  questionnaires, 
question 11; 5 in in terv iews). This problem was usually overcome, 
however, by the students studying by themselves before they came
in to  the laboratory to do an experiment (section 4 .6 .3 .2 .1 ) .
Sometimes students were unable to cope with having to study the 
theore tica l material by themselves because of lack o f time or 
because the theory was too advanced fo r  them to cope with ye t.
One student's comment was:
' I  would ra ther wait u n t i l  a f te r  I had done the lectures before
doing an experiment. In one experiment we did i t  w ithout knowing
what i t  was about . . .  I 'v e  w r it ten  i t  up but I copied d i re c t ly  
what was in the textbook . . .  but I d id n ' t  know what i t  was a l l  
about.'
(2) The second problem was tha t the experiment took longer; the 
theory had to be mastered f i r s t  (2 students: 1 in questionnaire, 
question 11; 1 in in te rv iew ); the experiment took longer to perform 
in the laboratory (1 student: questionnaire, question 11) and the 
write-up took longer and was more d i f f i c u l t  (1 student: in te rv iew ).
One advantage o f the students doing d i f fe re n t  experiments at the same 
time was observed. I f  an experiment was p a r t ic u la r ly  troublesome 
or d i f f i c u l t  only one pa ir o f students would be doing i t  and so i t
was possible fo r  more help to be given to them: In a laboratory
course where the experiments were sequential, however, a l l  the 
students would encounter the same problems at the same time.
4 .6 .3 .2 .2 .2  In te res t
The feedback sheets suggest tha t the students usually found the 
experiments quite in te res ting .
4 . 6 . 3 . 2 . 2 . 3  D i f f i c u l t y
The feedback sheets also suggest tha t on the whole the students found 
the experiments e ith e r o f about the r ig h t  level o f d i f f i c u l t y  or 
s l ig h t ly  too easy.
In the feedback sheets students made comments which ind ica te  where 
the d i f f i c u l t i e s  lay. These are shown in Table 4.6.11 below.
TABLE 4.6.11
Problem No. o f students
0 ) D i f f ic u l t ie s  handling the experiment 12
( 2 ) In s u f f ic ie n t  theore tica l knowledge 5
(3) D i f f ic u l t ie s  with write-up and 
calcu lations 5
(4) Correct equipment not available 3
(5) Experiments badly designed 3
(6 ) Faults w ith apparatus 2
(7) D i f f ic u l t ie s  due to overcrowding 2
(8 ) Ins truc t ion  sheets confusing 1
I t  is in te res ting  to note that the main problems were with the 
manipulation o f unfam ilia r equipment (item 1) ra ther than with 
having in s u f f ic ie n t  theore tica l background (items 2 and 3), 
ind ica ting  that students did in fac t manage to cope reasonably 
well w ith the lack o f in tegra tion  between the theory and the 
p ra c t ica l.
4 . 6 . 3 .2 .3  Resources - How adequate were the resources?
4 .6 .3.2.3.1 Written materials
The students seemed sa t is f ie d  with the laboratory manual (Table 4 .6 .1 1 ). 
I n i t i a l l y ,  there were a few complaints about mistakes in the manual 
but th is  soon became common knowledge and therefore less important.
The manual, however, often needed to be supplemented by help on 
an ind iv idua l basis when students were learning how to operate 
instruments with which they were un fam ilia r (Table 4.6.11, item (1 ); 
Table 4 .6 .8 , item (2 ); 4 students in in te rv iews). One o f the members 
o f s ta f f  commented tha t the f i r s t  year Physical Chemistry Laboratory 
course was inadequate in th is  respect; in tha t i t  did not give the 
students a very good grounding in p ractica l s k i l l s  and techniques.
Item (5) on Table 4.6.11 is  in te res ting  in tha t once again i t  
emphasises the fa c t  tha t the experiments are structured in such a 
way tha t aims 10, 12.and 15 are d i f f i c u l t  to achieve (see sections
4 .6 .2.2 and 4.6 .3.1 .3d. )
4 .6 .3 .2 .3 .2  Apparatus
There was usually only one set o f apparatus available fo r  each 
experiment, which severely l im ited  the in tegra tion  between the 
practica l and lecture courses (see section 4 .6 .3 .2 .2 ) .  Possible 
ways o f overcoming th is  are discussed in section 4 .6 .5 .2 .
Students also found d i f f i c u l t i e s  with the apparatus that was 
available (Table 4.6.11 , items (4 ), (5) and (6 ) ;  also observation).
One student said tha t i t  was very f ru s tra t in g  i f  you had prepared 
fo r  an experiment and then found that you were unable to do i t  because 
the apparatus was fa u l ty .  Faults with apparatus, however, were not 
a major problem and technicians were always at hand to give assistance.
4 .6 .3 .2 .3 .3 . Calchem
The class records fo r  the usage of the two calchem programmes are 
incomplete: 16 students did at least one o f the programmes, 4 students 
did ne ither and fo r  the remaining 5 students there are no records.
The Calchem programmes were not assessed but students were s trongly  
encouraged to do at least one of the programmes. The students 
worked in pairs at the term inal.
Calchem was discussed with 3 members o f s ta f f  involved in the p ractica l 
class. They were a l l  very enthus iastic . They saw the main advantages 
as being:
(1) The teaching programme had been very c a re fu l ly  prepared and so 
students got the benefit o f a well prepared scheme, which was therefore 
better than the equivalent scheme done by a member o f s ta f f .
(2) Students were not a fra id  o f revealing th e i r  ignorance to a 
computer whereas they were with a member o f s ta f f .  The programmes 
were designed so that they gave encouraging responses to the students' 
answers. One member o f s ta f f  also mentioned tha t the computer w i l l  
wait fo r  the answer whereas a member o f s ta f f  might not.
(3) The students enjoy the programmes.
One member o f s ta f f  thought tha t a l im i ta t io n  was tha t weaker students 
had d i f f i c u l t i e s  with the computer programmes. This was, however, 
followed up with 3 o f 4 students who the member o f s ta f f  indicated as 
being weak and, i f  anything, th e ir  reactions were more enthusiastic  
than the other students '.
Information was obtained from 10 students (8 in in terviews, 6 in 
questionnaires: 4 overlapped) about th e ir  a tt itudes  to Calchem. A ll 
these students were enthusiastic about Calchem, although before they 
had done a programme some of them were rather apprehensive. The 
four students who are known not to have done a Calchem programme, 
de libe ra te ly  avoided doing one because o f th e ir  apprehensiveness.
In interviews students said tha t there were a number o f advantages 
to the Calchem programmes and these are shown below. Some o f these 
views are supported by questionnaire evidence as indicated.
(1) Students liked working in pairs at the terminal (7 out o f  8 
students: 5 in in terviews, 3 in questionnaires). They tended to have 
discussions when they were not certa in  o f the answers to questions.
A typ ica l student comment is :
'What usually happens in our pa ir is  tha t one o f us puts forward a 
theory to answer the question: i f  the other agrees we put i t  down; 
i f  he disagrees we ta lk  i t  over and then we put i t  down.'
Three students said tha t they thought, the Calchem programmes made you 
th ink.
(2) Eight students (4 in in terv iews; 5 in questionnaires) said that 
with the computer they were not a fra id  of getting the wrong answer, 
whereas with a member o f s ta f f  they tended to be more on th e ir  guard.
(3) Six students (2 in interviews and 4 out of the 5 students responding 
in the questionnaire) said tha t they thought i t  was useful having 
immediate feedback about whether they had got the answer r ig h t  or 
wrong, often together with an explanation. One student said tha t
he found the computer's responses to his answers encouraging: This
was one o f the features noticed when watching students working at the 
term inal; tha t they seemed very encouraged by the responses to th e ir  
answers.
Some problems were mentioned by a few students:
(1) In in terv iews, two students, ne ither o f them weaker students, 
said that i t  can be fru s tra t in g  i f  a top ic with which one is  not 
fa m il ia r  is  introduced.
(2) Four out o f the s ix  students responding to the Calchem questions 
in the questionnaire thought tha t the programmes were ra ther too long.
(3) Five students (one in in te rv iew ; 4 out o f 6 in the questionnaire) 
thought tha t the fa c t tha t the computer sometimes did not understand 
th e ir  answers, was a problem.
(4) One negative aspect o f the in te re s t  shown by s ta f f  and students
in Calchem was that one pa ir  o f students said tha t they were d is trac ted  
w h ils t  doing the programme by people coming to see how the Calchem
programmes worked.
In summary, i t  seems that the format o f the Calchem programmes, working 
at the terminals in pairs and the absence o f a member o f s ta f f  a l l  
encouraged discussion, thought and consequent learning. The problems 
were mainly concerned with the fa c t that the computer was only able to 
adapt to a l im ite d  extent to ind iv idua l learning needs.
4 .6 .3 .2 .3 .4  People
Students got help from a va r ie ty  o f people in the laboratory (Table 4 .6 .6 ) .  
These can be categorised as fo llows:
(1) Partner in pa ir
(2) S ta f f  (academic)
(3) Demonstrators
(4) Technicians
(5) Students from a d i f fe re n t  pa ir
(1) Partner in pa ir
At the beginning o f the course students chose a partner w ith whom 
they worked fo r  the rest o f the course. Ine v itab ly , some students were 
disappointed because they could not work with a student o f th e i r  own 
choosing.
Students spent about one quarter o f th e i r  time in the laboratory 
ta lk in g  to th e ir  partner (Table 4.6.6) and as w i l l  be seen got a 
considerable amount o f help in th is  way.
Students were asked in interviews (15 students) and in questionnaires 
(8 students = 32% response rate) various questions about working in 
pa irs.
In the fo llow ing discussion students who would have preferred to work 
alone w i l l  be referred to as 'A' students and students who preferred 
to work in pairs as ' P1 students.
The students' reactions to working in pairs are shown in Table 4.6.12. 
They are as fo llows:
(1) There were approximately the same number of 'A' students (9) as 
' P' students ( 10).
(2) A ll 'A' students and nearly a l l  ' P' students found that
( i )  discussion with th e ir  partners gave a greater understanding o f the 
experiment than i f  they had worked alone (item c) and ( i i )  discussion 
with th e ir  partner was helpful when working out resu lts  and 
ca lcu la tions (item h).
(3) There were some d is t in c t  differences between 'A' and 1P1 students:
' P' students thought tha t they lea rn t more (item e ), made fewer 
mistakes (item b), worked well as a team (item f )  and worked fa s te r  
(item d) when they worked in pa irs , whereas 'A' students usually did 
not work well in  a team, thought tha t they lea rn t more when working 
alone and some thought tha t they worked- fas te r alone.
There seem to have been 2 factors in fluencing whether students preferred 
to work in pa irs , compatability and personal learning s tra teg ies .
TABLE 4 .6 .12
(a) Preferred vworking in pa irs Preferred working alone
Agree Neutral Disagree Agree Neutral Disagree
Q I T Q I T Q I T Q I T Q I T Q I T
(b) 0 0 0 1 0 1 4 2 6 1 0 1 1 1 1 1 0 1
(c) 5 3 8 0 0 0 0 0 0 1 4 4 1 1 1 1 1 2
(d) 0 0 0 0 0 0 5 3 8 3 2 5 0 0 0 0 3 3
(e) 0 0 0 0 0 0 5 1 5 2 1 2 1 1 1 0 0 0
(f) 5 1 5 0 0 0 0 0 0 1 0 1 1 1 1 4 1 5
(9) 5 0 5 0 0 0 0 0 0 2 0 2 1 0 1 0 1 : 1
00 4 2 6 1 0 1 0 0 0 2 1 3 1 0 1 0 0 0
Q = Information from questionnaires
I = Information from interview
T = Total no. of students expressing opinion
(a) I prefer working alone to working in pa irs.
(b) I make more mistakes when doing an experiment i f  working in  pairs 
than i f  working alone
(c) Discussion with my partner gives me greater understanding o f the 
experiment than i f  I had worked alone.
(d) I work fas te r  when working alone than when I work in a pa ir
(e) I learn more when I work alone than when I work in a pa ir .
( f )  My partner and I work well as a team.
(g) I l ik e  having my partner fo r  company during the p ractica l classes.
(h) Discussion with my partner is  helpful when working out resu lts  
and ca lcu la tions.
In the 19 students in  Table 4 .6 .1 .2  there  were 7 complete p a i r s .
A ll the students in three o f the pairs were 'A' students, a l l  the 
students in three o f the pairs were 1P1 students w h i ls t  only one 
pa ir was made up o f an ’A1 and a 1P1 student. This suggests tha t 
one o f the factors influencing the success o f a pa ir was com patability . 
This was born out by the fo llow ing fac ts :
(1) At least 3 o f the 'A' students were amongst those who had not 
been able to have a partner o f th e ir  own choice.
(2) 'A' students from two o f the above pairs were interviewed.
In one pa ir one o f the students did a l l  the work and in the other 
one o f the students commented:
'My partner is  absolutely useless. All she does is  mess up the 
experiment. I have to watch her a l l  the time to see that she 
doesn't mess i t  up and so I get her to do the washing-up!'
A s im ila r  comment was made by an 'A' student from another pa ir .
Another pa ir o f 'A' students presented a d i f fe re n t  p ic tu re . They 
got on well together and gave responses in the 'agree' and 'n e u tra l '  
categories fo r  items d, f  and g in Table 4.6.12 but they both f e l t  
tha t they lea rn t be tte r when working alone (item e).
The overall p ic ture presented is therefore that a l l  the students 
benefitted in some ways from working in pairs but tha t some e ith e r  had 
d i f f i c u l t i e s  in cooperating with th e ir  partner or simply preferred 
to work alone. In a course which emphasises i l lu s t r a t in g  the 
lectures, understanding the experiment is important (items c and h)
and i t  therefore appears that the large m ajority  of students gain more 
from working in pairs than alone.
(2) Academic s ta f f ,  demonstrators, technicians and students from 
another pair
(a) A ttitudes
This section examines how the a tt itudes  o f some o f the pa rt ic ipan ts  
in the course affected the re la tionsh ips between the d i f fe re n t  groups 
of people. A ttitudes towards technicians and student a tt itudes  to 
students from other pairs were not investigated and are therefore not 
included below.
The s ta f f  on the whole were quite en thusiastic . In the f i r s t  week o f 
the course one o f the demonstrators commented tha t th is  course 
contrasted g reatly  with a previous course on which he had demonstrated 
in tha t a lo t  o f s ta f f  attended v o lu n ta r i ly ,  whereas in the previous 
course even the member of s ta f f ,  who was meant to be present, was not 
always there. The course organiser thought that i t  was important 
to be able to deal with students on an ind iv idua l basis and encouraged 
other s ta f f  to be present at certa in  times (section 4 . 6 . 3 . 1 . 3 ). 
S im ila r ly ,  i t  was observed tha t the demonstrators were en thusiastic  
and w i l l in g  to help the students.
Two members o f s ta f f  on a number o f occasions mentioned to the 
evaluator tha t they thought the academic standard o f the students was 
low. Certain members o f s ta f f  also tended to become rather impatient 
with the weaker students. For example, one member o f s ta f f  said tha t 
he did not bother with weaker students because they were going to 
fa i 1 a nyway.
This a t t i tu d e  communicated i t s e l f  to the students. Some students 
found s ta f f  members very helpful and interested in th e ir  work, w h ils t 
others found certa in  members o f s ta f f  not so he lp fu l.  For example, 
f ive  students were asked in interviews whether the s ta f f  ever came up 
to them w h ils t  they were working at the bench or whether they, the 
students, had to go to ask the s ta f f  fo r  help. Two students who 
were both above average a b i l i t y ^  said tha t the s ta f f  often came up 
to them to see how they were getting on, whereas three other students 
who were a l l  average or below average a b i l i t y  found tha t they always 
had to go to the member o f s ta f f  fo r  help.
In addition to th is  many students f e l t  inh ib ited  in ta lk in g  to the
s ta f f  because o f fear o f revealing things tha t they did not know.
This has already been mentioned in section 4 .6 .3 .2 .3 .3  in connection
with the Calchem programmes. In addition to those comments, four 
2
students made comments, such as:
' I  th ink lectu rers expect too much o f you. I f  you haven't done i t  
before they expect you to know i t  anyway.'
'You are always on your guard as to what you say, even i f  the 
lec tu re r  says tha t i t  doesn't matter what you say to him.'
!
S ituations were also observed where students seemed to be a fra id  of
1 Students were divided in to  5 categories, according to p rac tica l
a b i l i t y ,  by the evaluator on the basis o f his observations and 
in te ractions with the students. These were shown to the course 
organiser fo r  comment and a few minor a lte ra t ions  made. These 
categories have been used in th is  analysis as a crude measure of 
p ractica l a b i l i t y .
2 i .e .  a to ta l o f 10 students out o f the 19 students from whom
information has been obtained made such comments.
consulting the s ta f f .  For example, one student did not understand 
her resu lts  fo r  an experiment and consulted the evaluator fo r  help.
When encouraged to consult a member o f s ta f f  she was very re luc tan t.
This is  also born out by the discrepency between the students' and 
the course organiser's opinions o f the importance o f aim 23.
Aim 23: 'To develop students' a b i l i t y  to communicate resu lts  o r a l l y . 1
There was c le a r ly  not as much consultation between students and s ta f f  
as the course organiser would have wished.
Some students were also re luc tan t to consult demonstrators
(conversation with a demonstrator), but th is  was a lo t  less common.
The students tended to view the s ta f f  and demonstrators in rather 
d i f fe re n t  ways:
(a) Three students said that they preferred to consult lec tu rers  to 
demonstrators. They seemed to view the lecturers more as experts:
'F i r s t  o f a l l  you can consult Dr. X. because he has w r it te n  i t  a l l
out, so i f  anything is  wrong, h e ' l l  know about i t . '
(b) The demonstrators, however, were seen as being more l ik e  students 
and were more in touch with the students. Typical comments o f four 
students who preferred to consult demonstrators to s ta f f  were:
'The demonstrators are more l ik e  students and I feel more at ease 
with them.'
' I  don 't f ind  the lecturers as helpful as the demonstrators. They ta lk  
to you and you don 't understand what they are.saying, whereas demonstrators
w i l l  say, "Oh yes, th is  is what he (the lec tu re r)  means", and you 
go over to him fo r  a t ra n s la t io n . '
The demonstrators were seen less as experts and in fa c t  only lea rn t 
about some o f the experiments as the course proceeded.
(b) Strategies
Students adopted d i f fe re n t  stra teg ies in order to obtain the kind 
of help tha t they needed. The kinds o f help tha t students might 
need in a course o f th is  type can be divided in to  four areas:
(1) Understanding
(2) Problems fo llow ing the laboratory manual
(3) Learning how to use specialised apparatus and instruments
(4) Problems encountered in carrying out the experiment; the experiment 
'going wrong'.
For the most part the students gained th e i r  understanding o f the 
experiments by reading outside the labora tory, from lectures and by 
discussing the experiments with th e i r  partners. I f  they could not 
understand the experiment a f te r  using these resources, which was not 
o ften, they consulted academic s ta f f  (interviews o f 6 students).
In the f i r s t  h a lf  o f  the course the students tended to consult s ta f f  
and demonstrators fo r  (2 ), (3) and (4 ), but in the second h a lf  o f  
the course students consulted them less and consulted technicians 
and students from other pairs more (section 4 .6 .3 .1 .4 .1 , Table 4 .6 .6 ) .  
Presumably as the students and technicians^ gained more experience
1 (a) Both technicians were newly appointed th is  academic year; (b) a
smaller choice of experiments would have meant tha t students would 
have been able to help one another more.
with the laboratory course students preferred to consult them because 
they were not inh ib ited  by being a fra id  o f revealing things tha t they 
did not know.
(c) Deployment o f s ta f f ,  demonstrators and technicians
The change in the people tha t students consulted, together w ith the f a l l
in students' attendance in the la t t e r  part o f the course meant tha t the 
s ta f f  and demonstrators had considerable amounts o f  time ’’f r e e ' ,  i . e .  
not being used to help students or to administer the laboratory course, 
in the second h a lf  o f  the course (Table 4.6 .7, items 2 ,3 ,6 ,7 and Table 
4 .6 .8 , items 3 ,4 ,5 ,7 ,8 ). The amounts o f ' f re e ' time during the course
fo r  s ta f f ,  demonstrators and technicians are shown below:
TABLE 4.6.1 3 Amount o f ' f re e '  time as a percentage o f to ta l  time 
spent in the laboratory
Weeks 1-4 Weeks 5-8 Change
S ta ff 14 44 +30
Demonstrators 25 64 +39
Technicians 31 35 + 4
We see here another hidden consequence o f the students rushing in the 
laboratory. S ta f f  and demonstrators were unable to use free time 
marking because students had not yet w r it te n  th e i r  reports on many 
experiments. Nevertheless, i t  appears tha t appreciable savings in 
s ta f f in g  could be made in the la t t e r  part o f th is  course. I t  must, 
however, be born in mind that the s ta f f ,  demonstrators and technicians 
must have some free time in the laboratory to prevent queues o f
students fo rming.
The s ta f f  and demonstrator a c t iv i t ie s  at d i f fe re n t  times o f the day 
have been analysed fo r  weeks 5 to 8 . There were too few observations 
to determine when would be the best times to reduce the number o f 
s ta f f  and demonstrators. I t  is  c lea r, however, that the numbers o f 
s ta f f  should not be reduced between 10.00 a.m. and 11.00 a.m.
4 .6 .3 .2.4 Reactions to the laboratory assessment
The issues examined in th is  section are the students' opinions o f  the 
value o f the write-ups or reports on experiments, th e i r  opinions as 
to the bad features o f the reports and the amount and type o f  feedback 
about th e i r  progress in the course.
The information in th is  section was gathered by interviews and 
questionnai res^.
(1) The value o f the write-up.
(a) 15 Students were asked what they gained from doing the write-up fo r  
each experiment. 13 Students (7 in in terv iews, 7 in questionnaires) 
thought tha t the write-up helped them to understand the experiment 
and i t s  purpose and 5 o f them said tha t they had to study textbooks 
in order to w r ite  a reasonable report.
(b) 8 Students (2 in questionnaires, 8 in interviews) thought tha t the 
write-up helped them to remember the experiment and the theory
1 The questionnaire was based on responses in interv iews. The in te rv iew  
schedule was modified to follow-up p a r t ic u la r  areas o f in te re s t .  This 
means that in some areas the a tt itudes  o f many students have been 
gathered, w h i ls t  in  others only a few students commented.
in vo lved  in  the exper iment.
(c) 6 Students (in terv iews) saw the write-up as l in k in g  the lectures 
and prac tica l work; as re in fo rc ing  the material covered in 
lectures.
(2) C rit ic ism s o f the write-ups
The students were asked whether they thought the time spent on the 
write-ups was time well spent: 8 students (5 in questionnaire, 3 in 
interviews) thought i t  was not, w h ils t  3 (questionnaire) thought i t  
was. Six students (4 in  questionnaire, 2 in interviews) thought tha t 
there was a lo t  o f  needless re pe t it io n  o f the laboratory manual in 
the w rite -up. They could see l i t t l e  point in w r i t in g  the procedural 
de ta i ls  and the theory which was in the manual. They suggested tha t 
a ca lcu la tion  o f the resu lts  and a discussion would form an adequate 
write -up. One student ( in te rv iew ), however, disagreed and thought 
tha t the present kind o f write-up should be preserved.
(3) Feedback
Six students (questionnaire) thought tha t they were not given enough 
information about how well they were ge tt ing  on: ‘ You ju s t  get a 
signature at the end. 1
These comments are born out by the discrepancy between the students' 
and the course organiser's view o f the importance o f aim 23 (section
4.6.2.2 and section 4 .6 .3 .2 .2 .3 .
Aim 23: 'To develop students' a b i l i t y  to communicate resu lts  o r a l l y ! . 
Two students, however, said that the lecturers sometimes wrote comments
in th e i r  books to t e l l ,  them where they had gone wrong and one o f them 
said that he had had useful discussions with a member o f s ta f f  as a 
re su lt  o f these comments. One such discussion was in fa c t  observed, 
but th is  kind o f discussion did not occur frequently .
Students suggested the kinds o f information tha t they would f ind  
use fu l:
(a) 5 students (questionnaire) said tha t they would have l iked  to have 
been given a mark fo r  each experiment.
(b) 2 students (questionnaire) said tha t they would have l ike d  more 
c r i t ic is m  o f th e ir  p rac tica l technique in the laboratory.
(c) 1 student ( in terv iew) said tha t he would have l iked  more comments 
about what was wrong in the report.
In conclusion, i t  seems tha t there are three possible reasons fo r  
including a formal report on experiments in the course. The f i r s t  
is  to assess the students; to judge the extent to which ind iv idua l 
students were achieving the aims o f the course. This could not be 
examined because a considerable amount o f work in redefin ing the 
aims in behavioural terms would have been necessary f i r s t .  Secondly, 
the write-up can be included to ass is t the students in learning from 
the experiments. This has been important in th is  course. T h ird ly ,  
the write-up can be included in order to provide a channel fo r  feed­
back to the students. C learly , i t  has not been used fo r  th is .
I t  is  my impression from observing students and ta lk in g  to them, 
that the fa c t tha t students were unable to see whether they were
improving as they progressed through the course, contributed to an 
a t t i tu d e  in many students whereby they viewed the experiments as 
exercises that had to be done or got out o f  the way rather than as 
learning experiences. Unfortunately, there was in s u f f ic ie n t  time to 
fo llow  up th is  hypothesis
4.6.4 Outcomes
This section examines how successful the course was in achieving 
i t s  aims. The aims o f  the course are ou tlined in section 4.6.2.
Ten students were asked in interviews what they had gained from doing 
the course. Their rep lies  can be grouped in 3 categories:
(1) Seven students said that the p rac tica l course re inforced the 
theory; to quote one student: ' I t  grinds the knowledge in to  youl
(2) Four students said tha t the lecture course enabled them to see 
things in r e a l i t y  tha t they had only lea rn t in theory before; to 
ac tua lly  experience the problems involved in carrying out an 
experiment and being able to apply the theory tha t they had lea rn t 
in a p ractica l s itu a t io n .
(3) Four students said tha t they had lea rn t various manipulative 
s k i l l s  and how to use certa in instruments.
Items (1) and (2) are c le a r ly  re lated to the aim tha t was agreed to 
be the most important:
Aim 2: 'To i l lu s t r a te  theore tica l material taught in lectures and 
t u t o r ia ls ' .
I t  has been pointed out, however, in sections 4 .6 .3 .2 . I . 2 and 4 .6 .3 .2 .2  
that the amount o f  in tegra tion  between the p rac tica l course and the 
lecture courses is  l im ited  by constraints o f apparatus and space.
Other aims which were thought to be important are aims 19, 22, 30 and 
33.
Aim 19: 'To develop students' a b i l i t y  to make deductions from 
experimental data and to in te rp re t  experimental da ta '.
The amount o f information gathered about th is  aim is  l im ite d .  The 
students were required to draw conclusions from th e i r  data fo r  each 
experiment in th e i r  reports but no information was collected about 
how successful they were. Five students, however, commented that 
they had d i f f i c u l t i e s  with the write-up and ca lcu la tions (section 
4 .6 .3 .2 .2 ) .
Aim 22: 'To t ra in  students in w r i t in g  reports on experiments1.
Again, the amount o f information gathered about the aim was l im ite d .  
Students were required to w rite  a report about each experiment, but 
deta iled ins truc t ions  were given in the laboratory manual about how 
to proceed with the experiment. Consequently, the descrip tive  part 
and to some extent the theory involved in the experiments were 
already w rit ten  fo r  the students. As was pointed out in section
4 .6 .3 .2.4 s ix  students thought tha t repeating what the manual said, 
in th e i r  reports, was a waste o f time.
v
The amount o f feedback on student reports was small, which must have 
l im ited  how much the students lea rn t in th is  course about report 
w r i t in g .
Aim 30: 'To t ra in  students in extracting  information from the lec tu re  
( inc luding tra in in g  in the use o f the l i b r a r y ) ' .
One o f the resu lts  o f the in tegra tion  o f the theory and practica l being 
l im ited  was tha t students had to study on th e i r  own to understand the 
experiments (see section 4 .6 .3 .2 .1 .2 ) . Eight students (57% o f the 
students interviewed about th is  aspect) said tha t in addition to 
studying the laboratory manual before coming in to  the laboratory 
they sometimes studied textbooks and f iv e  students (in terv iews) said 
that they studied textbooks when w r i t in g  the report. C learly , th is  
course demanded tha t fo r  some experiments the students should study 
alone and make use o f textbooks.
Aim 33: 'To develop students' s k i l l  in working and cooperating with 
others in a team'.
Section 406.3 .2 .3 .3  examines how well students managed to cooperate 
with th e ir  partners. In most pairs students worked and cooperated 
well together.
Summary
As fa r  as can be judged, from the sometimes l im ited  information 
ava ilab le , the course was reasonably successful in i t s  major aims.
The biggest reservation is  with respect to the most important aim, 
aim 2 , because o f the l im ited  in tegra tion  between the lectures and 
the p ractica l course.
4.6.5 Conclusions and recommendations
4 .6 .5.1 Conclusions
This course was not unusual in tha t i t  fa i le d  to achieve good in te g ra t io n  
between the laboratory and lecture courses. Lee (94) and Black and
Whitworth (12) c r i t i c i s e  t ra d it io n a l courses fo r  being in s u f f ic ie n t ly  
integrated with theory courses. Black and Whitworth also c r i t i c is e  
'c irc u s ' laboratories fo r  the lack o f  coherent development in the 
sequence of experiments performed by students.
In th is  course the in s t i tu t io n a l  po licy  o f organising u n it  or 
modular degree courses had a profound e f fe c t .  The main e f fe c t  was 
tha t students rushed the laboratory course in order to have more 
time at the end o f the course to revise fo r  the examinations. I t  
appears, however, that on the whole th is  had a pos it ive  e f fe c t  on 
students' learning in that they were prepared to spend time studying 
before doing an experiment, thereby overcoming some o f the problems 
caused by lack o f in te g ra t ion . In add it ion , some sort o f coherent 
development was achieved by guiding the students' choice o f ’ experiments. 
Nevertheless in tegra tion  with the theory courses was l im ite d .
Two other factors which enhanced the students' understanding o f  the 
experiments were the use o f Calchem programmes and working in pa irs .
The Calchem programmes encouraged thought, discussion and consequent 
learning and students found i t  helpful to work in pairs a t the 
terminals. Students, w ith a small number o f exceptions, also found 
working in pairs throughout the course to be valuable.
The students found tha t doing a write-up fo r  each experiment helped 
them to understand the experiment and some said tha t i t  helped them 
to remember the experiment and some said that i t  helped to l in k  the 
lectures and practica l work. The data ind ica te  tha t students would 
l ik e  to see the length o f the write-up reduced by excluding material 
already stated in the laboratory manual.
Students got l i t t l e  feedback through th e ir  w r it te n  reports about how 
well they were getting on in the course. The data ind ica te  that they 
would have liked  more feedback.
One problem with the course was that help from s ta f f  and demonstrators 
tended to go to those students who were least re luc tan t to consult them. 
They were usually the students who were in least need o f  help.
4 .6 .5.2 Recommendations
The main problem with th is  course was the d i f f i c u l t y  o f achieving 
good in tegra tion  between theory and practica l courses.
In section 3.3.3.2 2 two a lte rna tives  fo r  achieving greater 
in tegra tion  are proposed. They are, ra d ic a l ly  re tim etabling the 
course or using a wide va r ie ty  o f  teaching and learning techniques, 
p a r t ic u la r ly  ind iv idua lised  learning.
Barre tt and Blake (6 ) ,  King and P a r le tt  ( 86) and Black and Whitworth 
( 12) a l l  describe courses in which in tegra tion  is  achieved by 
concentrating the courses in to  a shorter time scale. In course V 
th is  would mean d iv id ing  the course in to  the four branches.of 
physical chemistry, thermodynamics, k in e t ic s ,  e lectrochemistry and 
spectroscopy, and doing concentrated courses las t ing  2 or 3 weeks to 
include a l l  the theory and practica l work which is  now spread over 
10 weeks. Although th is  would allow greater in tegra tion  o f  theory 
and practica l work w ith in  each top ic  i t  would s p l i t  the degree 
course in to  even smaller un its ;  a trend which is  deplored by the s ta f f  
on th is  course (section 4 .6 .2 .2 .1 .1 ) .  I t  would also f a i l  to overcome
the problem of having l im ited  sets o f specialised equipment.
A second approach is  to introduce more ind iv idua lised  learning 
techniques such as audio-visual materials and computers, so that 
students are more able to in tegrate the theory and prac tica l work 
fo r  themselves. Coyle and Servant (36) have used f i lm s  to replace 
experiments and to emphasise 's c ie n t i f i c  method' and ' c r i t i c a l  
understanding'in p ractica l work. In addition to the use o f  computers 
in the tu to r ia l  mode described in th is  course, computer simulations 
have been used to replace laboratory experiments (4,5,38,110,154). 
These can be used to d ire c t  the emphasis o f the course away from 
teaching manipulative s k i l l  towards manipulation o f data and they 
allow students to vary experimental parameters beyond the physical 
time l im i ts  o f the laboratory. Such audio-visual or computer 
experiments do not have to be performed in the labora tory, thus 
saving laboratory space and do not have to be done during laboratory 
hours, thereby allowing more in tegra tion  o f laboratory and lecture 
courses.
An example o f a f u l l y  integrated labora to ry /lec tu re  course based on 
the use o f ind iv idua l learning techniques is  the a u d io - tu to r ia l 
approach (40,58,134; see also section 2 . 2 .4 .1 .1 ) .  This has not yet 
been reported in chemistry laboratory courses, although a course 
which has achieved in tegra tion  by using a wide va r ie ty  o f teaching 
methods is  described in section 3.3.3.2 2.
In summary, i t  appears tha t there are 3 a lte rna tives  ava ilab le  to 
produce greater in tegra tion  o f theory and practica l work:
( i )  The laboratory and lecture courses could be ra d ic a l ly  retimetabled
in to  shorter self-conta ined un its . This would appear to be undesirable 
because s ta f f  f e l t  tha t the course was already too fragmented.
( i i )  The t ra d i t io n a l format o f the laboratory and lecture courses could 
be abandoned and ind iv idua l learning techniques could be used.to 
achieve in teg ra tion . This would, however, involve a vast amount o f 
s ta f f  time in redesigning the courses and would necessitate buying and 
se tt ing  up the necessary hardware and software.
( i i i )  More ind iv idua lised  learning could be introduced in to  the 
ex is t ing  course. This is  probably the most r e a l is t ic  o f the 3 
a lte rna tives  as i t  involves no sudden investment in time or money:
More ind iv idua lised  learning techniques could be slowly introduced 
and s ta f f  would have time to evaluate th e i r  effectiveness and to 
f in d  the best ways o f using them.
4.7 An eva lua t io n  o f  a p a r t  I chemis try  l a b o ra to ry  course (course VI)
Index Page
Introduction 363
4.7.1 Methods o f evaluation 364
4.7.2 Aims 366
_ 4.7.2.1 Aims o f present course 366
4.7.2.2 Aims o f an ideal course 370
4.7.3 Overall s tructure o f part I laboratory course 378
4.7.4 Units 1, 2 and 3 383
4.7.4.1 Unit 1 383
4.7.4.2 Unit 2 390
4.7 .4 .3  Unit 3 - 402
4.7 .4 .4  A comparison o f un its 1, 2 and 3 409
4.7.4.5 Overall comments on units 1, 2 and 3 415
4.7.4.6 Summary 427
4.7.5 Unit 10/11 431
4.7.5.1 A descrip tion o f u n it  10/11 431
4.7.5.2 Overall comments on u n it  10/11 440
4.7 .5 .3  Summary 449
4.7.6 Conclusions and recommendations 452
I n t r o d u c t io n
This part I laboratory course was chosen as a suitable course to 
study on the basis o f the data obtained from the nationwide survey 
o f laboratory courses described in Chapter 3.
The course was unusual in tha t i t  had been designed to in tegrate 
as fa r  as possible the main branches o f chemistry. S ta f f  fe l t ^  
tha t there was a trend in chemistry away from t ra d i t io n a l branches 
o f chemistry ( i . e .  physical, orgnaic and inorganic) towards much more 
in te rd is c ip l in a ry  work and that the laboratory course should re f le c t  
th is .
The course was also unusual in tha t during the 4 terms fo r  which i t  
ran, i t  was broken down in to  eleven 3 week un its . The laboratory 
course as a whole was designed and coordinated by a team o f 4 
members o f s ta f f ,  but w ith in  the scheme agreed by them each u n it  was 
organised by one member o f s ta f f  in a way that he f e l t  was appropriate.
The evaluation described in th is  report was, therefore, designed to 
study the e f fe c t  o f th is  method o f organising a laboratory course on 
the way that students lea rn t in the course and in addition to study 
any in s t i tu t io n a l  factors tha t may be a ffec t ing  the way tha t students 
lea rn t. The evaluation therefore studies the perceived aims o f  the 
course, how the course is  structured to achieve these aims and to 
discover the main factors which were contr ibu ting  to , or l im i t in g ,  
the achievement o f the aims.
1 Data from s t a f f  i n te r v ie w
The course lasted fo r  4 terms, which meant tha t i t  was possible fo r  
the evaluator to study some issues, which emerged in the course o f 
the evaluation, in depth. I t  also meant tha t i t  was possible to
carry out the evaluation simultaneously with 2 groups o f students, 
the f i r s t  year students in term 1 and the second year students in term 4.
4.7.1 Methods o f evaluation
The sources o f data fo r  the evaluation, the times when the p a r t ic u la r  
sources were used and the stages o f the evaluation to which they are 
mainly re lated are outlined below. A ll  relevant questionnaires and 
interview schedules are included in Appendix A 4.7.
The course was attended by 43 chemistry I students and 40 chemistry I I  
students. Four members o f s ta f f  had been involved in planning the 
course. Of these 3 attended d i f fe re n t  units o f the course and they 
were aided by other members o f s ta f f  and demonstrators. D if fe re n t 
un its  were staffed by d i f fe re n t  members o f  s ta f f  and demonstrators.
In th is  course members o f s ta f f  were referred to as senior demonstrators 
and P.G. demonstrators were referred to as ju n io r  demonstrators. This 
nomenclature is  used throughout th is  report.
The lower response rates fo r  the chemistry I I  students is  a re f le c t io n  
o f the fac t that the chemistry I I  students fin ished the course 6 weeks 
a f te r  the evaluation started and therefore i t  was not possible fo r  the 
evaluator to get to know many o f  the students. Chemistry I I  students 
also had to prepare fo r  th e ir  part I examaminations at the end o f  the 
autumn term and had less time to spare.
TABLE
Data source Time o f use Response
Stage o f 
evaluation
0 )
( 2 )
(3)
Documentary evidence
(a) Ins truc t ion  sheets given to 
students
(b) Minutes o f meetings o f course 
organisers convened to design 
the course
(c) Practica l grades o f  Chem I I  
students
Observation; as researcher
Interviews
(a) Senior demonstrators
( i )  Type 1 interviews-3 o f the 4 
course organisers (the 4th 
was on sabbatical leave in 
Canada)
( i i )  Type 2 interviews-notes were 
made o f occasional conversa­
tions with senior demonstrators
(b) Junior demonstrators
Type 2 interviews-as in (a) ( i i )
(c) Students
( i ) Type 1 
Chem I
Chem I I  
( i i )  Type 2 
Chem I 
Chem I I
(4) Questionnaires
5 students 
16 students 
9 students
3 students 
9 students
(a) S ta f f
Aims questionnaire
(b) Students 
Chem I
( i )  aims questionnaire
( i i )  ad hoc questionnaire 1
( i i i )  ad hoc questionnaire 2
Chem I I
( i )  aims questionnaire
( i i )  ad hoc questionnaire
Feedback sheets were used fo r  
units 1,2,3,10 and 11
p r io r ' to  
and during 
course
a f te r
course
throughout
p r io r  to 
course
throughout
course
throughout
course
u n it  3 
un it 4 
u n it  10
u n it  
uni t
2
11
end o f spring 
term 1976
ecu
>
•r-+Jcnrs
•oo
E
end spring 
end autumn 
end spring
76
75
76
43
43
43
end autumn 75 
end autumn 75
a f te r  each 
experiment
I "O<u cu s- c: • s- O 3 cr-M
4 100
31
31
31
( i )
( i )
( i i i )
( i ) ( i i )
( i ) ( i  i )
(i) (i i) 
(i) (i i)
(i) (i i) (i i1 
( i ) ( i i ) ( i i i  
( i ) ( i  i ) ( 111
( i i ) ( i i i ) 
( i  i ) ( i i i )
I CU 
oo co 
CUE 
S-O
S-5CL
72
72
72
( i )
( i )
( i ) ( i i ) ( i i i 
( i ) ( i i ) ( iTi
40 19 48 ( i )
40 19 48 ( i ) ( i i ) ( i i i
Response ( i ) ( i i ) 
rates are given in 
appropriate sections
1 See section 4.1.2
2 There were 3 units held each term. Unit 3 was therefore held 
towards the end o f the autumn term 1975. Units 10/11 were 
studied at the same time as units 1 and 2 respective ly.
4 .7 .2  Aims
4.7.2.1 Aims o f the present course
4.7.2.1.1 General comments on the aims o f the course
The aims o f the course gradually changed in emphasis as the course 
proceeded. The documentation fo r  the course describes i t s  overall 
s truc ture :
'The course is  integrated across the t ra d i t io n a l areas of inorganic, 
organic and biochemistry, but is  subdivided in to  3 week un its  each 
with a recognisable theme. The early  units are concerned p r im a r i ly  
with the acqu is it ion  o f techniques, th is  emphasis changing la te r  in 
the course to the investiga tion  o f p a r t ic u la r  chemical systems. 
Throughout there is  an attempt to re la te  laboratory material to 
lecture courses cu rren tly  in progress.'
The interviews with members o f s ta f f  confirmed the overall o r ie n ta t io n  
o f the course and i t  became c lear tha t there were d is t in c t  d ifferences 
in the aims o f ind iv idua l un its . These are discussed in sections 
4 .7 .4 .1 , 4.7.4.2 and 4.7 .4 .3 .
4 .7 .2 .1 .2  Agreed aims o f  the present course
The data form the questionnaires confirms the overall p ic tu re  described 
above and supplies more detailed information.
The mean ratings and standard deviations fo r  each o f the 33 aims in
the aims questionnaire have been calculated fo r  the Chemistry I and 
Chemistry I I  students and s ta f f .
There is  substantial agreement between the Chemistry I and Chemistry I I  
students about what the aims o f the course were: There were only 4
aims fo r  which there were s ta t is t i c a l l y  s ig n if ic a n t  differences and 
these are discussed in section 4 .7 .2 .1 .3 .
There are also areas o f agreement between the students and the s ta f f  
although in other areas s ta f f  and students1 perceptions o f the aims 
o f the course d if fe red .
Graph 4.7.1 is  a p lo t of the mean ratings fo r  the aims o f  the present 
course given by the Chemistry I I  students against the corresponding 
ratings given by the members o f s ta f f .  The more important aims are 
those with the higher ra tings. The aims which the s ta f f  and 
students were agreed were most important l i e  in the r ig h t  hand corner 
o f the graph and are:
Aim 6 : 'To teach basic p ractica l s k i l l s  and techniques (e.g. manipulati
and preparative s k i l l s  and techniques) (Area B) ' .
Aim 7: 'To fa m il ia r is e  students with some important instruments and 
devices (Area B) ' .
Aim 8 : 'To t ra in  students in observation (Area B) . 1
Other aims which s ta f f  and students agreed were quite important were
aims 11, 16, 17 and 18 (Area C).
4 .7 .2 .1 .3  Aims over which there was disagreement
(1) There are 3 aims which s ta f f  thought were very important but which
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students thought were impor tan t  but emphasised less .  They are:
Aim 2: 'To i l lu s t r a te  material taught in lectures and t u to r ia ls . '
Aim 9: 'To make students aware-of spe c if ic  hazards in experimental 
chemistry and to teach them to take the necessary safety 
precautions.'
Aim 2 1 : 'To develop students' a b i l i t y  in estimating the size and 
s ign if icance o f e r ro rs . '
(2) Aims which students thought were quite important but s ta f f  did 
not were aims 4 and 19.
(3) The four aims fo r  which the Chemistry I and Chemistry I I  students 
disagreed as to th e i r  importance are as fo llows: Chemistry I students 
thought 2 aims were more important;
Aim 1: 'To teach theore tica l material not included in lectures and 
t u to r ia ls ' ( s ig n i f ic a n t  at the 0.05 le v e l) .
Aim 21:' To develop students' a b i l i t y  to estimate the size and 
s ign if icance o f e r ro rs ' (s ig n i f ic a n t  at the 0.01 le v e l) .
Chemistry I I  students thought 2 aims were more important:
Aim 12: 'To t ra in  students in experimental design' (s ig n i f ic a n t  at 0.05 
le v e l ).
Aim 18: ‘ To t ra in  students in keeping a day-to-day laboratory notebook 
(s ig n i f ic a n t  at the 0.01 le v e l) .
4 .7 .2 .1 .4  Summary o f aims o f the present course
(1) The main emphasis o f the course l ie s  in area B (section 4 .7 .2 .1 .2 )
(2) Some emphasis is  also placed on aims in area C (section 4 . 7 . 2 .1.2)
(3) There is some disagreement about how important aim 2 (area A) is  
in thev present course. S ta f f  feel i t  is  a very important aim whereas 
students see i t  as only quite important (section 4 .7 .2 .1 .3 ) .  Aim 1 
seems to be emphasised more e a r l ie r  in the course ind ica ting  tha t as
the course proceeds less material is  included in the laboratory course 
that is  not covered in the lecture courses.
(4) S ta f f  and Chemistry I students ( i . e .  students h a lf  way through the 
course) are agreed that aim 21 is  a very important aim. Chemistry I I  
students (a t the end o f the course) f e l t  tha t i t  was less important 
ind ica ting  tha t the s ta t is t ic a l  treatment o f errors which is  emphasised 
strongly in the early  parts o f  the course (e.g. u n it  2 ) is  not followed 
up and re inforced in the la te r  parts o f the course (see section 4 . 7 .4 .2.6 
fo r  a more detailed discussion o f th is  aspect.)
(5) I t  is  perhaps d isturb ing tha t students do not see aim 9 being as 
strongly emphasised as the s ta f f .
(6 ) The discrepancy over aim 19 is  surpris ing . Perhaps students f in d  
th is  aspect o f th e i r  work more tasking than the s ta f f  expect.
(7) Although s ta f f  do not feel aim 4 is  an important aim they do t r y  to 
re la te  the experiments to something outside the experiment wherever 
possible, to the lecture courses and to social issues^ (e.g. one 
experiment measures the alcohol level in a blood sample). Thus, 
although aim 4 may not be as important as an aim aspects o f the course 
are re lated to i t .
4.7.2.2 Aims fo r  an ideal course
4.7.2.2.1 Agreed aims fo r  an ideal course
Once again the Chemistry I and Chemistry I I  students were in good
1 Data from s t a f f  i n te r v ie w
agreement^.
Graph 4.7.2 is  a p lo t o f the mean ra tings fo r  the aims o f  an ideal 
course given by the Chemistry I I  students against the corresponding 
ratings given by the s ta f f .
I t  can be seen tha t the most important aim in an ideal course would 
be aims 2 (area A), 6 and 7 (area B), a l l  w ith mean ratings > 4 .0 .
Other important aims would be 8 , 9, 19, 28 and 29 with aims 16, 17 
and 21 also being quite important.
I t  can be seen tha t the s ta f f  and students are agreed that aims in 
area B should be emphasised s trong ly , as indeed they are at present, 
tha t aim 2 (area A) should id e a l ly  be emphasised more strong ly  than 
at present and that i t  would be desirable to put more emphasis on two 
o f the a t t i tu d in a l  aims in area D, aims 28 and 29.
4.7 .2 .2 .2  Aims over which there is  disagreement fo r  an 
ideal course
I t  is  c lear from the wide scatte r on Graph 4.7.2 that there are a number 
o f aims which students f e l t  should be more important in an ideal course, 
than did s ta f f .  In order to assess whether there were any educationa lly  
s ig n if ic a n t  d ifferences between the perceptions o f aims fo r  an ideal 
course and those fo r  the present course, the fo llow ing procedure has been 
adopted:
1 There are only 2 aims fo r  which there is  a s t a t is t i c a l l y  s ig n i f ic a n t  
difference at the 0.05 leve l. Since there are 33 aims th is  would 
be expected as a random f lu c tu a t io n .
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( i )  A dissonance value has been calculated fo r  each aim. The 
dissonance value is defined as the mean ra ting  fo r  an ideal course 
minus the mean ra ting fo r  the present course.
( i i )  t-Tests have been carried out to determine whether each 
dissonance value is  s ta t is t i c a l l y  s ig n if ic a n t  at the 0.05 le ve l.  A l l  
the s t a t i s t i c a l l y  s ig n if ic a n t  dissonance values are po s it ive .
( i i i )  Scatter graphs have been p lo tted o f the mean ra t ing  fo r  an ideal 
course against the dissonance (Graphs 4.7.3 and 4.7.4) fo r  a l l  the aims 
where the dissonance value is  s t a t i s t i c a l l y  s ig n if ic a n t .
For the data from the s ta f f  aims questionnaires only one dissonance 
value is  s t a t i s t i c a l l y  s ig n if ic a n t  (w ith in  the 0.05 leve l)  because o f 
the small numbers. Aims with dissonance values >0.75 have therefore 
been a r b i t r a r i l y  chosen fo r  inclusion in Graph 4.7.5.
( iv )  The aims fo r  which there is  an educationally s ig n if ic a n t  
dissonance l i e  in the top r ig h t  hand corner o f the graphs and have been 
a r b i t r a r i l y  defined on each graph according to the scatter as:
Graph 4 .7 .3 , Chemistry I - ra t ing  > 3.3, dissonance > 1 .1
Graph 4.7 .4, Chemistry I I  - ra ting > 3.5, dissonance > 1.1
Graph 4.7 .5, S ta f f  - ra ting  > 3.5, dissonance > 1.1
The differences which are educationally s ig n if ic a n t  are shown below.
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TABLE 4.7.1
Area A Area C Area D
Chemistry I 
Chemistry I I  
S ta f f
2, 4 12, 13, 14, 15, - ,  30 
_ _ .  - 19 -
24, 25, 26, 28, 29 
24, 25, 26, 28, 29 
- - - 28, 29
Comments:
(1) I ts  is  notable tha t the dissonance values fo r  the s ta f f  are on the 
whole smaller than those fo r  the students. This is  to be expected as 
the course had only been running fo r  1| years when the s ta f f  f i l l e d  in  
the questionnaire and w i l l  obviously have designed the course to be as 
close to th e i r  ideal as possible.
(2) Students would l ik e  to see a lo t  more emphasis placed on the aims 
in  area D, and to some extent area C, which can be achieved by more 
open and problem-solving experiments; experiments in which students 
have control over the planning o f the experiments and how they carry 
out the experiments.
(3) During the interviews one member o f s ta f f  was asked why there was 
not more open and problem solving work in the course: An attempt had 
been made in previous years to introduce more open work in to  the part 
I laboratory course. A series o f mini projects had been used and at 
one time about h a lf  the course had consisted o f open work. This had, 
however, been la rge ly  abandoned fo r  a number o f  reasons:
(a) Students found i t  extremely d i f f i c u l t  to cope w ith . They needed
a lo t  more guidance than had been antic ipated and often tended to waste 
time fo llow ing 'b l in d  a l le y s ' .
(b) Students also kept on coming up with ideas which might be feas ib le  
but fo r  which the apparatus was not ava ilab le .
(c) Students became frus tra ted  with the open experiments and asked to 
change back to a more tra d it io n a l approach.
(d) The demonstrating was more d i f f i c u l t .
The resu lts  from the aims questionnaire show tha t the maip emphasis o f 
the course should remain on teaching basic s k i l l s  and techniques and on 
i l lu s t r a t in g  the lec tu res, but tha t students would l ik e  some more 
openness in the course. I t  appears tha t a compromise between the 
mainly t ra d i t io n a l experiments now in use and the open experiments 
t r ie d  out previously is  necessary.
4.7.3 Overall s tructure o f the part I laboratory course
7.7.3.1 Length of the course
The laboratory course lasted fo r  4 terms. In each term there were 3 
un its ,  each 3 weeks long, w ith the exception o f term 4 which consisted 
o f only 2 three week un its .  Each week the students were meant to spend 
about 11 hours in the laboratory out o f the 17 hours fo r  which i t  
was open.
4 .7 .3 .2  Course content
The organisation o f the content o f the course is  described below 
in Table 4.7.3
TABLE 4.7.3 Part I laboratory course
Term Unit Week Subject matter
1 1 1 - 3 Apparatus, p u r i f ic a t io n  and separation 
techniques
2 4 - 6 Chromatography
Quantative measurements and th e i r  
s ign if icance
3 7 - 9 E q u il ib r ia
2 4 1 - 3 Introduction to analysis
5 4 - 6 Methods o f synthesis
6 7 - 9 Dynami cs
3 7 1 - 3 Analytica l procedures
8 4 - 6 Synthetic methods
9 7 - 9 Electrochemistry
4 10/11 1 - 3 Chemical systems
10/11 4 - 6 Chemical systems
4.7.3.3 Resources
The resources available to each student varied from u n it  to u n i t .  
However, throughout the course in s tru c t io n  sheets were used: There
was an ins truc t ion  sheet fo r  each experiment which usually  contained
the theore tica l background to the experiment and detailed step-by-step 
ins truc t ions  about how to perform the experiment.
The students were not required to w rite  a complete report fo r  each 
experiment, but to w rite  down re su lts ,  ca lcu la tions and conclusions 
in spaces l e f t  in the in s tru c t io n  sheets and to answer questions 
included in the ins truc t ion  sheets.
'Workshops'^ were also used throughout the course. These were
usually a combination o f a demonstration and a short ta lk  las t in g
perhaps h a lf  an hour in a l l ,  given usually at the beginning o f a un it
2or the beginning o f a week by a demonstrator to a group of about 10 
students.
4 .7 .3 .4  Assessment
The assessment schemes used varied from un it to un it  and from 
experiment to experiment. Each experiment, however, was assessed using 
up to 3 methods:
( i )  Marking the students' re su lts ,  conclusions, discussion and answers 
to questions in the ins truc t ion  sheets.
( i i )  Assessment o f a student's understanding o f  an experiment in  a v iva , 
in which students answered questions and discussed the experiment fo r
1 Students were expected to attend a l l  workshops.
2 There were 2 kinds o f demonstrators: senior demonstrators who were
members o f academic s ta f f  and ju n io r  demonstrators who were usually
post-graduate students.
about 5 to  10 minutes w i th  a demonstrator.
( i i i )  Observation o f students at work in the laboratory.
The la t te r  method was ra re ly  used.
For most experiments the assessment was made on the basis o f:
( i )  The q u a lity  o f the reporting o f re su lts ,  conclusions, e tc . ,
( i i )  The accuracy o f resu lts  (and perhaps laboratory technique),
( i i i )  Calculations and conclusions and
( iv )  Understanding as displayed by answers to questions on the
ins truc t ion  sheets and in the viva.
In general marks obtained fo r  the experiments counted towards the 
to ta l part 1 grade a l lo t te d  to students, but in order to allow f i r s t  
year students time to adjust to th e i r  new s itua t ion  and to become 
fa m il ia r  w ith the requirements fo r  laboratory work, marks fo r  term 1 
work were not included in the f in a l  part 1 grade.
4.7 .3 .5  General reactions o f second year students 
to the course
Nine second year students were asked in interviews about th e i r  reactions 
to the part I laboratory course.
(1) In te rest
The reactions o f the students were on the whole favourable. Of the 9 
students interviewed the reactions o f 8 o f them were favourable: 3 o f 
them said tha t i t  was a good course and 5 o f them said that i t  was 
in te res t in g . Only 1 student did not l ik e  the course and did not 
f ind  i t  very in te res t in g .
(2) Importance
The students commented on the importance o f the laboratory work in 
re la t ion  to the rest o f the course. Most o f them (4)^ saw the tu to r ia ls  
as being the most important part o f the chmeistry course, w ith laboratory 
work taking a secondary place, w h ils t  two o f them saw the tu to r ia ls ,  
laboratory classes and lectures as being complimentary and o f equal 
importance.
(3) Relevance
The amount o f re la tionsh ip  tha t the students saw between the p rac tica l 
work and the lectures varied. Most students (6 ) saw the p rac tica l 
work as being loosely re lated to the lecture course and saw i t  
becoming more re lated to the lecture course as i t  proceeded (4 students). 
Students (3) also commented that the physical chemistry un its  (un its  
3, 6 and 9) were quite c lose ly re lated to the lecture course. Only 
one student throught tha t the prac tica l course should be more c lose ly  
re lated to the lecture course.
(4) In tegration
Six students commented on the integrated nature o f the course.They were 
unanimous that i t  was a good idea to have an integrated course.
Although students s t i l l  ta lk  o f physical u n its ,  organic u n i ts ,  e tc . 
they were unanimous in saying tha t the in tegra tion  o f  the course where 
the sub-d isc ip lines of chemistry overlap is  a good feature o f the 
course. A typ ica l comment is :
' I t ' s  be tte r having the course integrated. We learn to apply techniques 
where appropriate not ju s t  in organic, inorganic or ph ys ica l. '
1 ' Numbers in brackets are the number o f students expressing the 
opinion.
4 .7 .4  Uni ts 1, 2 and 3
A detailed study was made of un its  1, 2, 3, 10 and 11 during the 
autumn term o f 1975. Units 10 and 11 were taken by second year 
students who were the f i r s t  group o f  students to take the whole part I 
laboratory course. At the same time un its  1, 2 and 3 were taken by 
f i r s t  year students.
4.7.4.1 Unit 1
4.7.4.1.1 Aims o f un it  1
The vast m a jo rity  o f students (>80%) thought tha t the aims o f th is  
un it  were to give them knowledge and experience o f spec if ic  laboratory 
techniques^. They also saw the experiments as being mainly unrelated 
to the lecture courses (see Table 4 .7 .6 ) ;  i . e .  not designed to achieve 
aim 2 .
4 .7 .4 .1 .2  Content o f u n it  1
There were in a l l  6 experiments concerned with p u r i f ic a t io n  and 
separation techniques e n t i t le d :
1.1 Simple properties o f some organic solvents
1.2 R ecrys ta ll isa tion
1.3 Fractional d is t i l l a t io n
1.4 Steam d is t i l l a t io n
1.5 Vacuum d is t i l l a t io n
1.6 Sublimation
1 Information from feedback sheets (question 6 ) .  See Appendix A 4.7 
fo r  feedback sheets
4 . 7 . 4 .1 .3  Resources
(a) Written materials - see section 4.7.3.3
(b) Apparatus. Each student had his own set o f apparatus fo r  th is  
un it  and students were therefore able to work through the 
experiments in the same order.
(c) Workshops. There were 5 workshop/demonstrations.
(d) People. During u n it  1 there were usually one senior demonstrator 
and two ju n io r  demonstrators present; at any one tim e7who students 
could consult when they wished.
44 Students attended un it 1. Although students were expected to 
attend the laboratory fo r  only 11 out o f the 17 hours fo r  which i t  was 
open, students often spent more time than th is  in the laboratory as 
shown by the data from the Chemistry I questionnaire I in Table 4.7 .4.
TABLE 4.7.4
Unit 1 Unit 2 Unit 3
Mean S.D1 Mean S.D. Mean S.D.
(a) Total time spent per week 
in the laboratory doing 
p ractica l work (hrs)
(This includes (b))
13.0 1.8 11.7 2.0 10.8 2.3
(b) Time spent per week in 
the lab. w r i t in g  up 
experiments (hours)
1.8 1.4 4.2 2.8 2.7 1.4
(c) Time spent per week out 
o f the lab. w r i t in g  up 
experiments (hours)
0.6 1.7 1.5 1.2 1.5 1.2
(d) Total (hours) 13.6 3.5 13.2 3.2 12.3 3.5
1 Standard dev ia t io n
The s ta f f in g  ra t ios  calculated on the basis o f the amount o f  time that 
students said they spent in the laboratory fo r  u n it  1 are therefore as 
shown in Table 4.7.5.
TABLE 4.7.5
Students : Senior demonstrator 34:1
Students : Junior demonstrator 17:1
Students: Sen.+Jun. demonstrator 11:1
4.7 .4 .1 .4  A c t iv i t ie s
(1) The part I laboratory course started with an in troductory lecture 
given by one o f the members o f s ta f f  who organised the laboratory course. 
The organisation o f the laboratory course was described to students.
They were also to ld  tha t they were only expected to attend the 
laboratory fo r  11 out o f the 17 hours fo r  which i t  was open and that 
they would have to f ind  a balance between the amount o f  time that they 
spent on the laboratory and theory courses: I t  might pay them to
s e tt le  fo r  a lower grade in  the p rac tica l in  order to spend more time
on the theory course or vice versa.
(2) The in troductory lecture was followed by 3 workshops: the students 
were divided in to  3 groups which attended in ro ta t ion  workshops on 
safety, use o f q u ic k f i t  apparatus and heating devices. These work­
shops consisted o f an approximately 15 minutes talk/demonstration 
given by a demonstrator in the laboratory. Students watched and 
occasionally, usually at the end o f a workshop, asked questions.
There was a fu r the r workshop a f te r  experiment 1.4 at the beginning o f 
the 3rd week o f un it  1 on vacuum techniques. During the la s t  week
of u n it  1 a demonstration o f freeze-drying was given.
(3) During the rest o f u n it  1 students worked in d iv id u a l ly  a t the 
bench consulting demonstrators or other students when they wished.
The demonstrator time was divided between helping the students at 
the bench and marking th e i r  resu lts  and conclusions.
4 .7 .4 .1 .5  Outcomes
The vast m a jority  ( >70% fo r  each experiment) o f the students thought 
tha t the aims fo r  each experiment had been achieved fo r  them and tha t 
they had gained knowledge and experience o f using spec if ic  laboratory 
techniques^.
In an in terv iew one member o f s ta f f  said tha t the course is  bound 
to succeed in i t s  aims to some extent in tha t when students carry 
out techniques which are new to them they are bound to gain experience 
and knowledge o f the techniques. Another member o f s ta f f  said tha t 
as well as gaining experience of techniques students were obliged 
to compare d i f fe re n t  techniques so tha t they would be able to se lect
the most appropriate technique in fu ture experiments.
4 .7 .4 .1 .6  Students' reactions s p e c i f ic a l ly  re la ted 
to un it  1
Table 4.7.6 shows the mean and standard deviation fo r  the ra tings given
1 Information from question 7, feedback sheets. Feedback sheets 
are included in AppendixA4-7
by students on the feedback sheets fo r  d i f f i c u l t y ,  in te re s t and 
relevance^.
TABLE 4.7.6
Experiment 1.1 1.2 1 .3 1 .4 1 5 1.6
Sample size 44 44 44 44 44 44
Response 41 36 27 22 29 23
% response 33 82 61 50 66 52
"x S.D X S.D X S.D X S.D X S.D X S.D
D i f f i c u l t y 2.2 0.6 3.4 0.7 3.0 0.6 2.9 0.5 3.3 0.6 2.2 0.8
In te rest 2.6 0.7 3.4 1.0 3.0 0.8 3.0 0.8 3.4 1.0 2.6 0.9
Relevance 2.1 1.4 2.0 1.2 1.5 0.7 1.3 0.6 1.9 1.0 1.7 0.9
Rating scales
D i f f i c u l t y  1 = too easy ; 5 = too d i f f i c u l t
In te res t 1 = boring ; 5 = stim u la ting
Relevance 1 = not re lated to lectures
5 = c losely re lated to lectures
"x = Mean
S.D. = Standard deviation
I t  can be seen that students thought the experiments were at about the 
r ig h t  level o f d i f f i c u l t y  except fo r  experiments 1.1 and 1.6 which were 
too easy; these experiments were also the least in te re s t in g . On the 
whole the students thought the experiments were quite in te re s t in g . The 
experiments were not re lated to the lectu re  courses.
1 Quest ions 1, 2 and 3
Table 4 .7 .7  shows where the students found most d i f f i c u l t i e s  w i th
the exper iments .
TABLE 4.7.7
Experiment 1.3 ' 1. oC 1. nO i .i . 4 1.5 i . cV
D i f f ic u l t ie s n % n % n % n % n % n %
(a) In s u f f ic ie n t  chemical knowledge 3 1 2 6 - - 1 5 - - - -
(b) In s u f f ic ie n t  previous experience 
o f basic apparatus or techniques 2 5 16 45 2 5
- - 1 3 - -
(c) D i f f i c u l t ie s  carrying out 
experiments - - 26 72 11 41 5 23 6 20 8 34
(d) D i f f i c u l t ie s  answering questions 
on ins tru c t io n  sheets 1 2 - - - 1 5 - - - -
(e) Apparatus not working properly 9 31 - -
( f )  Problems with techniques 
described by demonstrators - - - - 4 15 3 14 - - - -
n = Number o f students with p a r t ic u la r  kind o f d i f f i c u l t y  
% -  Percentage o f students with p a r t ic u la r  kind o f  d i f f i c u l t y
The main d i f f i c u l t i e s  were connected with the fa c t  tha t students were 
using techniques which were new to them (see ( c ) ) .  Typical o f  th is  
type o f d i f f i c u l t y  are the fo llow ing:
( i )  In experiment 1.2 many students found i t  d i f f i c u l t  to judge how 
much solvent should be added fo r  the re c ry s ta l l is a t io n .
( i i )  In experiment 1.3 many students found i t  d i f f i c u l t  to decide 
when to c o l le c t  the d i f fe re n t  fra c t io n s .
I t  would seem that such d i f f i c u l t i e s  are an inev itab le  part o f the 
learning experience, o f becoming fa m il ia r  with d i f fe re n t  techniques.
A second type o f d i f f i c u l t y  which is  prelevent in experiments 1.2 and
1.3 is  tha t students were assumed to possess certa in very basic s k i l l s ,  
but did not. For example in experiment 1.2 some students did not 
know how to use sintered glass c rub ic les , or Buchner funnels and one 
student did not even know how to use a water bath and another did not 
know how to set up a re f lu x  condenser.
Perhaps i t  would be worth considering the use o f  pairs in these 2 
experiments so tha t students could draw upon one another's past 
experience.
I t  would appear from item ( f )  tha t some students are re luc tan t to 
consult demonstrators even though the ins truc t ion  sheets on certa in  
occasions s p e c i f ic a l ly  recommend them to consult demonstrators.
In experiment 1.5 there were problems with the apparatus not working 
properly, in p a r t ic u la r  in obtaining a good vacuum and in obtaining 
a ro tary evaporator tha t was working properly.
Table 4.7.8 shows tha t on the whole students understood the experiments 
in un it  1 qu ite  w e l l ,  w h ils t  they were doing them in the laboratory.
TABLE 4.7.8 1
Understanding o f theore tica l 
material connected with 
experiments when doing them 
in the laboratory
Understanding o f theo re t ica l 
material connected w ith 
experiments a f te r  f in is h in g  
write-up
Unit Mean S.D Mean S.D
1 3.9 0.7 4.1 0.6
2(Chromat) 3.5 0.8 3.9 0.7
2(S ta t is t ic s 1.8 0.9 2.4 1.1
3 3.2 1.1 3.9 1.0
1 Data from quest ions 8 and 9,  Chem I Quest ionnaire  I
4 .7 .4 .2  U n i t  2
4.7.4.2.1 Aims o f u n it  2
Unit 2 consisted o f two themes which ran concurrently, i . e .  
chromatography and the s ta t is t ic a l  treatment o f e rrors . These two themes 
had d i f fe re n t  aims and so w i l l  be discussed separately.
(1) Chromatography
The vast m a jo r ity  o f students 80%) thought tha t the aim o f th is  part 
o f u n it  2 was fo r  them to learn or gain experience o f  chromatographic 
techniques^. This was in agreement with the aims o f the organiser o f 
u n it  2^.
(2) S ta t is t ic a l  treatment o f errors
The aims o f the organiser o f un it  2 were to fa m il ia r ise  the students 
'w ith  the notion that when one makes a measurement there is  an e r ro r '  
and fa m il ia r is in g  them with the scale o f the e rro r and how to deal w ith
The m ajority  o f the students thought tha t the experiments were designed 
to give them experience and knowledge o f the s ta t is t ic a l  treatment o f 
errors and knowledge and experience o f the accuracy o f  sp e c if ic  pieces 
o f chemical equipment^. A sizeable m inority  o f students, however, 
did not co r re c t ly  perceive the aims of the experiments and e i th e r  
thought an experiment was designed to give them experience o f  the use
1 Feedback sheets, question 6
2 Information from interview
of spec if ic  laboratory apparatus (Table 4 .7 .9 , item (c )) or did not 
know what the aim o f the experiment was (Table 4.7 .9, item (e )) .
This confusion about the aims o f experiments seems to stem from a 
complete lack o f understanding o f the experiments (see section 4 .7 .4 . 2 .6 ) .
TABLE 4.7.9 Aims o f s ta t is t ic a l  experiments in u n it  2
^ S ^ A im s
E x p e r im e n ts ^
(a) (b) (c) (d) (e)
ri % n . % :n % n * n %
2 QMI 17 81 3 14 2 10 - - 3 14
2 QM2/M4 - - 15 71 3 14 2 10 1 5
2 QM2/M5 - - 12 86 - - 2 14 - -
2 QM3 15 60 - - 1 4 5 20 3 12
(a) Experience and knowledge o f  the s ta t is t ic a l  treatment o f e rrors .
(b) Experience and knowledge o f the accuracy o f spec if ic  pieces o f 
chemical equipment
(c) Experience in the use o f laboratory apparatus
(d) No response
(e) Do not know
n = number o f students 
% = percentage o f students
4.7.4.2 .2 Contents o f un it  2
The u n it  consisted o f  two separate subjects which were studied together 
in order to make economic use o f time and apparatus. There were 6 
chromatography experiments:
2C1 Thin la y e r  chromatography
2C2 Column chromatography
2C3 Paper chromatography
2C4 Paper e lctrophoresis
2C5 Ion exchange chromatography
2C6 Gas chromatography
The s ta t is t ic s  or 'qu an t ita t ive  measures' section o f u n it  was divided 
in to  3 parts each containing re lated exercises.
2QM1 Mean and standard deviation
2QM2 Systematic e rro rs ; accuracy and precision
2QM3 Linear regression
4 .7 .4 .2 .3  Resources
(a) Written materials - see section 4.7.3.3
(b) Apparatus
The apparatus fo r  un it  2 was l im ite d . Students were therefore divided 
in to  4 groups. Each group studied a d i f fe re n t  top ic  at a spe c if ic  
time according to a timetable. About 3 hours was allowed fo r  each 
experiment. Each week 1 or 2 o f  the 3 hour session were timetabled 
to be free.
(c) Workshops
At the beginning o f each week there was a workshop to explain the 
experiments tha t each group would be doing during the week and to 
describe the apparatus.
(d) People
On the f i r s t  morning o f the week 2 senior demonstrators and 2 ju n io r
u cm u iii ur a uui 5 a t ic n u c u  unc la u u i a t u i y  tu u r  i e  il l UT’U tir  t o  TUfl t r ie
workshops. One the afternoon o f  the f i r s t  day 1 senior and 1 ju n io r  
demonstrator were present and fo r  the remaining 2 days o f the un it  
1 senior demonstrator f u l l  time and 1 ju n io r  demonstrator, ha lf- t im e 
were present.
The overall s ta f f in g  ra t ios  fo r  un it  2 can be calculated using 
estimates o f  the number o f hours tha t the students spent in the 
laboratory per week. The student estimate o f 11.7 hours per week 
spent in the laboratory (Table 4.7.4) is  in close agreement with an 
estimate based on the observed student attendance on 28 separate 
occasion on 4 days; th is  estimate is  approximately 12 hours. The 
overa ll s ta f f in g  ra t ios  are:
TABLE 4.7.1 0
Students : Senior demonstrator 26 1
Students : Junior demonstrator 37 1
Students : Sen & Jun demonstrator 16 1
These ra tios  o f course varied considerably throughout the u n it  as 
indicated above.
4.7 .4 .2 .4  A c t iv i t ie s
(1) Apart from the time spent in workshops students' a c t iv i t ie s  are 
l is te d  in Table 4.7.1 1. 26 Observations were made o f  what students
were doing at spec if ic  times on 4 separate days during u n it  2.
TABLE 4.7.1 1
A c t iv i ty  
(observed on 26 occasions)
No. o f students 
performing 
acti v i ty
% performing 
a c t iv i t y
(a) Working alone at the bench in ­
cluding ca lcu la ting  resu lts ' 453 78
(b) Talking to other students 73 13
(c) Talking to senior demonstrators 39 7
(d) Talking to ju n io r  demonstrators 11 2
(e) Other 4 0.7
I t  can be seen that the vast m a jo rity  o f a student's time was spent 
working at the bench e ith e r doing an experiment or working out the 
resu lts . One s ix th  o f th is  time was spent working out the resu lts  
using the calcu la tors provided.
I t  is  s ig n if ic a n t  tha t fo r  the m ajority  o f the time tha t students spent 
ta lk in g  to other people, they were discussing the s ta t is t ic s  exercises 
and tha t on the four occasions tha t students were observed ta lk in g  
so c ia lly  to one another, they were doing the chromatography experiments. 
The students found the chromatography exercises re la t iv e ly  easy which 
meant tha t demonstrators were able to devote almost a l l  th e i r  time 
ta lk in g  to students about the s ta t is t ic s .
(2) Apart from the time spent in workshops the demonstrator a c t iv i t ie s  
are l is te d  below in Table 4.7.1 2 .
TABLE 4.7 .1  2
A c t iv i ty  
(observed on 26 occasions)
No.of demonstrators 
performing a c t iv i t y
% performing 
a c t iv i t y
sen. jun . sen. j  un.
(a) Talking to students 25 12 86 55
(b) Talking to senior demonstrators 0 3 0 ,14
(c) Talking to ju n io r  demonstrators 2 2 7 9
(d) Other 1 2 3 9
(e) Nothing; walking round the lab 1 3 3 14
A ll the demonstrators appeared to be very helpful to the students.
There are, however, two factors which could explain why the ju n io r  
demonstrators spent less o f th e i r  time ta lk in g  to students than the 
senior demonstrators:
( i )  Senior demonstrators tended to be much more outward going: they 
were observed in a number o f occasions to go up to students to  f ind  
out how they were ge tt ing  on. Junior demonstrators on the other hand 
tended to wait fo r  students to consult them.
( i i )  Junior demonstrators were not so well acquainted with the exercises 
as the senior demonstrators^. One senior demonstrator commented tha t 
the ju n io r  demonstrators tend not to know what the u n it  is  about u n t i l  
i t  is  f in ished. They often know l i t t l e  more about i t  than the students 
and therefore have to work through the problem with the students.
1 In fo rm at ion  f rom in te rv ie w s  and d iscuss ions  w i th  4 s en io r  demonst ra tors
4 . 7 . 4 .2 .5  Outcomes
(1) Chromatography
The m ajority  o f students (>65% fo r  each experiment) thought tha t the 
aims fo r  each experiment had been achieved fo r  them, with the
exception o f experiment 2C5, and that they had gained knowledge and
experience o f using spec if ic  laboratory techniques^ (c f .  section 
4 .7 .4 .1 .5 ) .  For experiment 2C5 seven students (41%) thought tha t 
the above aim had been achieved, whereas four students (23%) said tha t 
they had gained l i t t l e  or nothing. Six students (35%) did not answer 
the question on the feedback sheets. An explanation fo r  the low
2achievement o f  the aims in experiment 2C5 may be that some students 
thought tha t they had already lea rn t about the s k i l l s  and techniques
needed in experiment 2C2 (see also section 4 .7 .4 .2 .6 ).
(2) S ta t is t ic a l  treatment o f errors
The confusion about the aims o f the qu an t ita t ive  measures experiments
is  re flec ted  in what the students f e l t  tha t they had gained from the
experiment^, as is  shown in Table 4.7.1 3.
TABLE 4.7.1 3 Outcomes
■'■s. out- 
\ c o m e s
E x p t s \ ^
(a) (b)
\ . .
(c) (d) (e)
n % n % n % n % n %
2QM1 12 50 - - 5 21 3 14 . 6 27
2QM2/M4 3 14 5 24 1 5 6 29 6 29
2QM2/M5 - - 4 29 - - 8 57 2 14
2QM3 7 28 - - 2 8 13 52 3 12
1 Information from question 7, feedback sheets
2 3 students: 2 o f whom gained l i t t l e  or nothing and 1 who did not 
answer question 7 in the feedback sheets.
(a) Experience and knowledge o f the s ta t is t ic a l  treatment o f errors
(b) Knowledge and experience o f the accuracy o f spec if ic  pieces o f 
chemical equipment
(c) Experience in the use o f laboratory apparatus
(d) No response n = Number o f students
(e) Nothing; l i t t l e  % = Percentage o f  students
In a l l  o f the experiments a sizeable m inority  o f students said tha t they 
had gained l i t t l e  or nothing from the experiment.
4 .7 .4 .2 .6 Student reactions s p e c i f ic a l ly  re la ted to 
un it  2
Table 4.7.1, 4 shows the mean and standard deviation fo r  the ra tings 
given by the students on the feedback sheets fo r  d i f f i c u l t y ,  in te res t 
and relevance^.
TABLE 4.7.1 4
Experiment 2C1 2C2 2C3 2C4 2C5 2C6 2QM1
2QM2/
M4
2QM2/
M5 2QM3
Sample size 42 42 42 42 42 42 42 42 42 42
Response 18 21 22 20 17 24 21 22 14 25
% response 43 50 52 48 40 57 50 52 33 60
_
X SD X SD X SD X SD X SD X SD X SD X SD X SD X SD
Di f f i c u l t y 2-6 0-5 3.0 0.6 2J5 0.6 3.0 0.5 2.5 0.5 3.0 0.7 3.8 1.0 2.6 0.7! LC 0.6 3.6 1.0
In terest 3.2 0.7 33 1.1 3.5 0.7 3.4 0.8 2.1 03 33 07 2.3 1.0 2.2 1.1 1.6 0.9 2.4 10
Relevance 1.4 0.5 1.3 0.6 1.2 0* 1.3 0.7 1.2 0.6 1.4 0.8 1.3 0.8 1.3 0.7 1.2 0-6 1.3 0.6
Rating scales as before - see Table 4.7.6
1 Quest ions I , 2 and 3
I t  can be seen t h a t :
( i )  a l l  the experiments were at about the r ig h t  levels o f d i f f i c u l t y  
with the exceptions o f 2QM1 and 2QM3 which were rather d i f f i c u l t ,  and 
2QM2/M5 which was rather easy;
( i i )  the chromatography experiments were quite in te res ting  w ith the 
exception o f  2C5, presumably because o f i t s  s im i la r i t y  to 2C2. The 
quan tita t ive  measures exercises tended to be ra ther un in te res ting ;
( i i i )  none o f the experiments were re lated to the lecture courses.
Table 4.7.1 5 shows where the students found most d i f f i c u l t i e s  with 
the experiments.
The chromatography experiments ran quite smoothly^. A large number 
o f students had d i f f i c u l t i e s  with experiments 2QM1 and 2QM3. Some 
o f them f e l t  tha t they had in s u f f ic ie n t  mathematical background 
(Table 4.7.1 5 (a)) and many students had d i f f i c u l t i e s  in  understanding 
the concepts (Table 4.7.1 5 (h)) and w ith the mathematics needed to 
work out the ca lcu la tions (Table 4.7.1 5 ( i ) ) .  A few students did 
not know how to operate the calcu la tors  (Table 4.7.1 5 (b ) ) .
The fac t tha t most students had a poor understanding o f the q u a n t ita t iv e -  
measures experiments is  confirmed by the data from the Chemistry I ,  
questionnaire I in Table 4.7 .7, page328 and from student in terv iews.
Of the 19 students who commented on 2QM1, 2 and 3, only one f e l t  tha t
1 In experiments 2C2 and 2C5 students had d i f f i c u l t i e s  in seeing the 
colour changes o f the solutions e lu t ing  through the columns. They 
also had d i f f i c u l t i e s  in packing columns in sp ite  o f  the fa c t  th a t 
th is  had been demonstrated in the workshops (see ( f )  on Table 4.7.1 5).
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he understood the work at the time, three said tha t they gained an 
understanding o f i t  on applying the s ta t is t ic s  to la te r  work but 
a l l  the rest did not understand i t .  Students tended to work through 
the s ta t is t ic a l  calcu lations in th is  u n it  w ithout understanding what 
they were doing or why. A typ ica l comment was: 'You are presented 
with a load o f formulae and are meant to so rt out your answers.'
The complete lack o f understanding o f the s ta t is t ic s  had a demoralising 
e f fe c t  on the students. Six second year students were interviewed 
about u n it  2 and i t  transpired tha t they had ra re ly  had to use the 
s ta t is t ic s  from u n it  2 in la te r  w o rk \  This is  confirmed by the 
disagreement between Chemistry I and Chemistry I I  students about the 
importance o f aim 21 (see section 4 .7 .2 .1 .3 ) .  Two o f the students 
said tha t they simply guessed the errors from the accuracy o f  the 
apparatus.
Several factors tended to a l le v ia te  the problems with the quan tita t ive  
measures part o f un it  2 :
(1) The fac t tha t the quan t ita t ive  measures exercises ran concurrently 
w ith the chromatography experiments meant tha t the demonstrators were 
able to spend most o f th e i r  time helping the students with the 
quan tita t ive  measures exercises.
(2) Senior demonstrators sometimes attended the laboratory fo r  longer
2hours than those scheduled .
1 Although one o f them said tha t he could see the relevance now.
2 Observation
(3) Students were encouraged to and did^ use periods which were time­
tabled as being free to discuss problems, with demonstrators.
These fac to rs , however, were in s u f f ic ie n t  to compensate fo r  the 
d i f f i c u l t i e s  which students encountered.
In summary, the main problems with un it  2 (quan tita t ive  measures) 
were tha t:
(1) The u n it  was overloaded. Too many new concepts were introduced 
in a short time space in the quan tita t ive  measures section and the 
wide range o f chromatographic techniques being introduced to the 
students meant that a large s ta f f in g  a l loca tion  had to be given to 
running workshops leaving fewer demonstrators to discuss students' 
problems on an ind iv idua l basis (c f .  the s ta f f in g  ra t ios  in Tables
4.7.5 and 4.7.1 0).
(2) The concepts taught in u n it  2 were not used s u f f ic ie n t ly  often 
in the rest o f the part I course in order to re inforce them and to 
demonstrate th e i r  relevance to chemistry.
I t  would appear tha t a radical res truc tu r ing  o f the s ta t is t ic a l  part 
o f th is  u n it  is  needed. Four students suggested tha t a be tte r  way o f 
teaching th is  top ic  would be through a lecture course.
1 Observation
4 . 7 . 4 .3  Un i t  3
4.7.4.3.1 Aims of un it  3
The organiser o f u n it  3 saicP tha t the aims o f u n it  3 were ' to  give 
the students a back up to the lecture course'; to give them practica l 
experience in ac tua lly  using the concepts tha t have been introduced 
in the lecture course. I ts  aims were also to teach them about the 
instrumentation needed in the experiments, to compare the accuracy 
of instruments and to teach the type o f  instrument that is  appropriate 
fo r  p a r t ic u la r  types o f experiments. Unit 3 also t r ie d  to re in force 
the s ta t is t ic a l  work o f u n it  2 by including i t s  application in  two 
experiments.
The students were in substantia l agreement w ith the organiser o f  
u n it  3 (see Table 4.7.1 6 ) about the aims.
o
TABLE 4.7.1 6 Aims o f  experiments in u n it  3
Aims
Experiments^.
(a) (b) (c) (d) (e) ( f )
n % n % n % n % n % n %
3.1 14 54 12 46 - - - - 3 12 - -
3.2 18 67 13 48 2 7 - - 2 7 - -
3.3 7 54 6 46 - - - - 1 8 - -
3.4 11 44 5 20 1 4 - - 7 28 1 4
3.5 9 56 9 56 1 6 - - 2 12 - -
3.5 6 26 5 22 5 22 10 43 3 13 1 4
1 Interview
2 Information from feedback sheets, question 6
(a) To i l lu s t r a te  material taught in the lectures (e.g. to i l lu s t r a te  
how various thermodynamic functions can be determined experimentally)
(b) To learn how to use or to gain experience o f spec if ic  s k i l l s  or 
techniques
(c) To gain experience in data handling; tabu la tions, ca lcu la tions , e tc.
(d) To learn theore tica l material (e.g. to learn about the ton isa tion  
o f amino acids and to introduce the idea o f pK)
(e) No response
( f )  Do not know
I t  can be seen that the emphasis in un it  3 has sh ifted  much more to 
area A with the aims in area B being emphasised less. The overa ll 
balance o f the aims o f the f i r s t  three un its  is  therefore s im ila r  to 
tha t described in section 4 .7 .2 .1 .4 .
4 .7 .4 .3.2 Content o f u n it  3
The content o f u n it  3 was designed to re la te  to the Physical Chemistry
lecture course and was concerned with thermodynamics and e q u i l ib r ia .
Of the f i r s t  3 un its ,  th is  u n it  is  the one which is  the most c lose ly  
re lated to a spe c if ic  branch o f chemistry, although, o f course, the 
physical measurements are done on organic and inorganic systems.
This u n it  came la s t  in the f i r s t  term in order that s u f f ic ie n t  material 
would have been covered in the lectures before students did the 
experiments.
There were six experiments:
3.1 Ammonium carbamate equilibrium
3.2 S ta b i l i t y  constant o f iron ( I I I )  thiocyanate
3.3 Calorimetry and heat o f solution
3.4 Freezing po in t depression
3.5 Ethanol liqu id-vapour equil ib rium
3.6 Ion isation o f amino acid
In the f i r s t  year tha t the course ran students were expected to do a l l  
s ix  experiments, but th is  was reduced to f iv e  in the second year so as 
not to overload the students.
In the f i r s t  week o f  the u n it  the students were divided in to  2 groups 
which did experiments 3.1 and 3.2 in  ro ta t io n .  For the remainder o f 
the u n it  students did three o f the remaining experiments in any order.
4 .7 .4 .3 .3  Resources and a c t iv i t ie s
(a) Written materials - see section 4.7 .3 .3
(b) Apparatus
The a v a i la b i l i t y  o f apparatus was l im ite d , which meant tha t students 
worked in pairs doing the experiments in the order described at the 
end of section 4 .7 .4 .3 .2  and tha t students were usually re s tr ic te d  to 
spending no more.than one day in each experiment. The organiser o f  
un it  3 commented^ tha t the lack o f a v a i la b i l i t y  o f apparatus caused 
problems fo r  the demonstrators and laboratory technicians when i t  
broke down. He f e l t  tha t he had to be 'on c a l l '  fo r  the f i r s t  h a l f  
o f his u n it  and tha t the laboratory technicians had to be very fa m i l ia r  
with the equipment.
(c) Workshops
Students attended workshops at the beginning o f each week in  which the
1 In te rv ie w
apparatus to be used in the course was described and the resu lts  
obtained by the class on the previous weeks' experiments received.
(d) People
Senior and ju n io r  demonstrators were available fo r  the students to 
consult as in the previous un its . The laboratory was observed on 
the f i r s t  day o f week 3 o f u n it  3 and at th is  stage about h a lf  the 
students had already completed the u n it  and so student demands on 
demonstrator time were small.
Students were also able to get help from th e i r  partner (see section 
4 .7 .4 .4 .2 .2 ) and on the 8 occasions when they were observed,no 
students consulted students in other pa irs .
This was the only u n it  in term 1 in which a viva was held (see section 
4 .7 .3 .4 ) .  In th is  viva the emphasis was on f ind ing  out how well 
the u n it  had run and how students had coped with i t .  The viva 
counted fo r  5% o f the marks fo r  u n it  3, but the marks fo r  u n it  3 
were not included in the f in a l  part I grades (see section 4 .7 .3 .4 ) .
.4 .7 .4 .3 .4  Outcomes
Table 4.7.1 7 shows what students f e l t  they had gained from doing 
the experiments.
Comparison w ith Table 4.7.1 6 shows tha t most o f  the. students 
who f e l t  tha t the experiments were designed to teach them sp e c if ic  
laboratory s k i l l s  and techniques thought tha t the course had been 
successful but fewer students thought tha t they i l lu s t ra te d  the
TABLE 4.7.1 7
^ \ 0utcomes
Experimerrfs^^
(a) (b) (c) (d) (e) ( f ) (g)
n % n .% n % n % n % n % n %
3.1 2 8 14 54 2 8 2 8 - - 4 15 1 4
3.2 3 11 14 52 - - 4 15 - - 10 37 1 4
3.3 6 46 7 54 6 46 - -
3.4 5 20 2 8 - - 4 16 4 16 7 , 28 4 16
3.5 5 31 5 31 1 6 1 6 - - 4 25 1 6
3.6 2 9 7 30 6 26 6 26 - - 5 22 3 13
(a) Practica l in s ig h t in to  theore tica l m ateria l; fa m il ia r is a t io n  with 
p rac tica l methods re lated to the theore tica l material
(b) Experience in the use o f  laboratory apparatus and techniques
(c) Chemical knowledge
(d) Practice in ca lcu la tions, tabulations and analyses
(e) Reinforcement o f s ta t is t ic a l  analysis procedures
( f )  No response
(g) Nothing; l i t t l e
lectures s u f f ic ie n t ly  well ( c . f .  comments on aim 2 in sections 4 .7 .2 .1 .4  
and 4 .7 .2 .2 .2 ) .  This is  c lea r ly  connected with the fa c t  tha t students 
did not th ink the experiments in th is  un it  were c losely re la ted to 
the lecture course (see section 4 .7 .4 .3 .5 ) . .  Indeed in experiment 3.6 
s ix  students had lea rn t chemistry which was new to them (Table 4.7.1 7
(c)) (see also section 4 .7 .2 .1 .3  aim 1).
4 .7 .4 .3 .5  Comments re lated s p e c i f ic a l ly  to u n it  3
Table 4.7.1 8 shows the meansand standard d e v ia t io n s  f o r  the r a t i n g s
given by students on the feedback sheets fo r  d i f f i c u l t y ,  in te res t and 
relevance^.
TABLE 4.7.1 8
Experiment 3 .1 3 .2 3.3 3.4 3 5 3. 6
Sample size 44 44
2
33 33 33 33
Response 26 27 13 25 16 23
% response 59 61 39 75 49 70
X S.D X S.D X S.D X S.D X S.D X S.D
Di f f i  cu l t y 3.0 0.5 2.7 0.6 3.4 0.9 2.4 0.7 3.2 0.5 3.4 1.7
In te res t 3.2 0o9 3.3 0.9 3.3 0.9 2.6 0.9 3.2 0.9 3.1 0.8
Relevance 3.1 1.4 2.0 1.1 1.9 0.8 2.2 1.1 2.9 1.4 1.7 0.9
(see Table 4.7.6. fo r  explanation o f ra ting  scales)
The students thought the experiments were at about the r ig h t  level o f 
d i f f i c u l t y ,  were mainly quite in te res t in g  and were not c lose ly re la ted 
to the lecture course.
The main d i f f i c u l t i e s  tha t students had are l is te d  in  Table 4.7.1 9. 
TABLE 4.7.1 9
^v^xperiment 
Di f f i c u l i K .
3..1 3.2 3.3 3.4 3.5 3.6
n % n % n % n % n % n %
(a ) 7 27 3 11 3 23 14 56 - - 2 9
(b) 9 35 3 11 6 46 - - 14 88 5 22
(c) - - - - 5 38 - - - - 4 17
For foo tno tes  see next page
(a) D i f f i c u l t ie s  carrying out the experiment
(b) D i f f i c u l t ie s  getting the apparatus to work properly; fa u l ty  apparatus
(c) Experimental sc r ip ts  d i f f i c u l t  to understand
In some experiments students had d i f f i c u l t y  in ge tt ing  the apparatus 
to work properly. For example:
( i )  In experiment 3.5 at the higher temperature i t  was d i f f i c u l t  to 
obtain an equil ib r ium  and consequently d i f f i c u l t  to balance the 
isotenoscope.
( i i )  In experiment 3.1 students had d i f f i c u l t i e s  in obtaining a good 
vacuum.
( i i i )  In experiment 3.3 students had a va r ie ty  o f  problems in ge tt ing  
the e le c t r ic  c i r c u i t  to function co rre c t ly  and th is  was not assisted 
by the fac t tha t some o f them could not understand the experimental
s c r ip t  (c) and others had d i f f i c u l t i e s  in se tt ing  up the c i r c u i t  in
the f i r s t  place (a). Two students said tha t they had in s u f f ic ie n t  
knowledge o f e le c t r ic  c i r c u i ts  to be able to benefit  f u l l y  from th is  
experiment.
In addition to th e ir  d i f f i c u l t i e s  with the apparatus some students had 
d i f f i c u l t i e s  in carrying out experiments with which they were un fam ilia r
(a). Students had d i f f i c u l t i e s  with experiment 3 .4 ,p a r t ic u la r ly  in 
obtaining accurate readings fo r  the melting points (10 students; 40%). 
These d i f f i c u l t i e s  could account fo r  the low achievement o f  the aims 
o f the experiment noted in Table 4.7.1 7.
1 Questions 1,2 and 3
2 The f igu re  o f 33 fo r  the sample size assumes tha t experiments 3.3
to 3.6 were equally popular w ith the students.
4 .7 .4 .4  A comparison o f  u n i t s  1, 2 . and 3
The fa c t tha t students studied 3 un its  per term enabled a useful 
comparison o f the units to be carried o u tD
4.7.4.4.1 General comparisons
Chemistry I students in th e i r  f i r s t  questionnaire^ were asked which 
u n it  or part o f a u n it  had been most worthwhile and which had been 
least worthwhile and why . The responses are summarised in Table 
4.7.20 below.
TABLE 4.7.20
Most worthwhile Least worthwhile
number o f 
students 1?
number o f 
students %
Unit 1 11 35 0 0
Unit 2 (QM) 7 23 18 58
Unit 2 (C) 2 6 2 6
Unit 3 18 56 3 10
(1) Reasons fo r  being most worthwhile:
Unit 1 (a) I t  taught us a lo t  o f basic experimental techniques 
tha t you have to know to  carry out other experiments (10 students; 
32%)
1 Chem I Questionnaire 1 is  in Appendix A 4.7
2 Questions 4 and 5
3 Some students gave more than one u n it  in response to the question
Unit 2 (QM)(a) I t  led to an understanding o f errors in practica l 
work and how to deal with them (6 students; 19%)
Unit 3 (a) I t  was re la ted to the lecture course; one was able to 
apply the thermodynamics lea rn t in the lecture course 
(8 students; 26%)
(b) The experiments were in te re s t in g ; new apparatus, methods 
and techniques (7 students; 23%)
(c) I t  was more sa t is fy in g  because the resu lts  were more 
tangible and l e f t  one with a greater sense o f achievement; 
real experiments (4 students; 13%)
(d) Reinforced the s ta t is t ic s  lea rn t in u n it  2 (2 students; 6%)
(2) Reasons fo r  being least worthwhile:
Unit 2 (QM) (a) D i f f i c u l t  to understand; confusing (12 students; 39%)
(b) Boring (6 students; 19%)
(c) Experiments took too long (3 students; 10%)
(d) Too much time spent waiting fo r  ca lcu la tors (2 students; 6%)
Unit 3 (a) Faulty apparatus fo r  some experiments meant tha t i t  was 
d i f f i c u l t  to get resu lts  (2 students; 6%)
There appear to be three main factors tha t contribute to students 
fee ling  tha t practica l work is  worthwhile:
( i )  Relevance-relevance to fu ture work (u n i t  1, un it  2 (QM)) and 
relevance to the lecture courses (u n it  3) 0
( i i )  Interest^ - whether the students f ind  i t  i n t r in s ic a l l y  in te res t in g
1 The ratings fo r  in te re s t  fo r  u n it  3 are not s ig n i f ic a n t ly  higher, 
however, than un it 1 and un it  2 (c ). See Tables 4 .7 .5 , 4.7.1 4 
and 4.7.1 8 .
( u n i t  3 ) .
( i i i )  Sense o f  achievement ( u n i t  3 ) .
There also appear to be three main factors  tha t contribute to students 
fee ling  tha t p rac tica l work is  not worthwhile:
( i )  Lack o f understanding (u n it  2(QM)).
( i i )  Lack o f  in te re s t  (u n it  2(QM)).
( i i i )  Organisational problems (u n it  2 (QM)(c)(d); un it  3 (a )) .
I t  is  in te res ting  to note tha t 81% o f the students reacted e ith e r  
favourably or unfavourably to u n it  2(QM). The seven students who 
reacted favourably to un it  2(QM),understood th is  part o f the u n it  be tte r 
than the other students when they had completed i t ^ .  This confirms the 
conclusions drawn in section 4 .7 .4 .2 .6 .
4 .7 .4 .4 .2  Comparison o f the organisation o f un its  1,2,3
4.7.4.4 .2.1 Timetabling
Students were asked whether they preferred to have the experiments
in a u n it  timetabled so tha t they did them at a f ixed time (e .g . u n it
2
2 ) or to be able to do them at a time that they decided (e.g. un its  
1 and 3). 24 Students (78%) preferred to be able to choose when they
did the experiments, two (6%) preferred them to be timetabled and f iv e  
(16%) did not mind.
1 c . f .  the ra ting  o f 3.3 (S.D. = 0.3) fo r  question 9(c) w ith tha t 
in Table 4„7.8 o f 2.4 (S.D. = 1.1). The d ifference is  
s ig n if ic a n t  at the 0.01 leve l.
2 Question 5; Chemistry I ,  Questionnaire 2
The reasons fo r  pre ferr ing  to be able to choose when they did the 
experiments are as follows:
(1) I t  is  possible to f i t  the laboratory work in with other a c t iv i t ie s  
(14 students; 45%). For example, a student has a tu to r ia l  each week 
but these vary in d i f f i c u l t y  so some f l e x i b i l i t y  with the laboratory 
work helps to spread the workload more evenly.
(2) I t  is  possible to take longer over an experiment i f  necessary 
(7 students; 23%) and so compensate i f  an experiment 'goes wrong'
(4 students; 13%) or takes longer than expected (4 students).
3 Students commented in interviews tha t one o f the problems o f having 
the experiments s t r i c t l y  timetabled as in u n it  2 was tha t there was 
no time to repeat an experiment i f  i t  went wrong.
(3) Some students preferred the freedom to organise th e i r  time as 
they wished (6 students; 19%).
In interviews 8 students commented tha t they l iked  the va r ie ty  offered 
by the u n it  system. I f  they became bored or were doing badly in one 
u n it  they would soon be able to make a fresh s ta r t  on a new u n i t .
4 .7 .4 .4 .2 .2  Ind iv idua ls /pa irs
In general the po licy  o f the course organisers was that students should 
work in d iv id u a l ly ,  unless there was in s u f f ic ie n t  apparatus^. Of the 
f i r s t  three un its students only worked in pairs in  u n it  3 because o f  the 
constra ints o f  apparatus (see section 4 .7 .4 .3 .3) and because the 
organiser o f un it  3 thought that i t  was benefic ia l fo r  students to
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le a rn  to  cooperate w i th  o the r  s tu d e n ts ^ .
In interviews students were asked whether they preferred working 
in d iv id u a l ly  or in pairs and why. Question 6 in  Chemistry I ,  
questionnaire 2 was based on the responses and is  included in Table 
4.7.21. The responses have been divided in to  those students who 
preferred working alone, those who did not mind and those who 
preferred working in pa irs .
TABLE 4.7.21
6 . This question is  concerned with the advantages and disadvantages 
o f working in pairs during th is  p ractica l course.
Below are 8 statements.
I f  you ^gree with the statements, c i r c le  A.
I f  you disagree, c i r c le  D.
I f  you ne ither agree nor disagree, or i f  you cannot decide, c i r c le  N.
Preferred
working
alone
Neither
Preferred 
working 
in  pairs
A N D A N D A N D
(a) I prefer working alone to working in 
pa i rs 92 0 0 0 7 0 0 0 15
(b) I make more mistakes when doing an 
experiment i f  working in pairs than 
i f  working alone
3 5 1 1 1 5 1 2 12
(c) Discussion with my partner gives me 
a greater understanding o f  the 
experiment than i f  I had worked 
alone
5 2 2 5 0 1 13 2 0
(d) I work fas te r  when working alone 
than when I work in a pa ir 6 0 3 0 4 3 2 7 6
(e) I learn more when I work alone than 
when I work in a pa ir 5 3 1 1 4 2 2 6 7
( f )  My partner and I work well as a team 5 3 1 4 3 0 13 2 0
1 c f. aim 33 on graph 4.7.1
2 Numbers o f students
Preferred
working
alone
Neither
Preferred 
working 
in pairs
A N D A N D A N D
(g) I l ik e  having my partner fo r  
company during the p rac tica l 
classes
4 4 0 4 . 3....0 . 1.1. 4 0
(h) Discussion with my partner is  
helpful when working out resu lts  
and ca lcu la tions
7 1 1 7 0 0 15 0 0
( i )  I t  is  more d i f f i c u l t  to organise 
and co-ordinate the practica l 
work when I work in a pa ir 
than when I work alone
7 1 1 2 0 4 1 3 11
I t  can be seen that the m ajority  o f students got on well w ith  th e i r  
partners (g) and tha t most pairs worked well as teams ( f ) .  Students 
choose th e i r  own partners and worked with them throughout u n it  3 unless 
the . were found to be incompatible, but th is  ra re ly  happened^.
The m ajority  o f students found that discussion with th e i r  partners 
helped them understand the experiments (c) and was helpful when working 
out resu lts  and ca lcu la tions (h).
Students who preferred to work alone found i t  more d i f f i c u l t  to organise 
and coordinate the practica l work when working in pairs ( i ) ,  f e l t  they made 
more mistakes working in pairs (b ), and thought tha t they worked fa s te r  
alone (e ). The opposite was true o f the students who preferred working 
in pa irs.
I t  appears tha t working in pairs is  very valuable fo r  p rac tica l work 
which concentrates on i l lu s t r a t in g  lecture m a te r ia l , but, o f  course,
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the value of working in pairs is  much more l im ited  when basic 
manipulative s k i l l s  are being lea rn t. One approach which could be 
used to cap ita l ise  on the advantage o f working in pairs but s t i l l  
give students the necessary practice in manipulative s k i l l s  is  fo r  
students to perform pa ra lle l experiments whose results  are complimentary. 
(This would be easy to organise in some^of the quan tita t ive  measurements 
experiments, fo r  example.)
4.7 .4.5 Overall Comments on Units 1,2 and 3
This section describes the students' reactions to the f i r s t  3 un its .
General reactions
Most students thought tha t the p rac tica l work was an important part o f 
the degree course and was complimentary to the ' th e o re t ic a l '  chemistry
(13 students^) but some students (5^) saw i t  as being less important
o
and supplementary to the theore tica l work .
The fa c t  tha t the practica l course integrated the d i f fe re n t  branches 
o f chemistry had not been noticed by many students (10 students^) and 
fo r  the most part students had no strong fee lings whether i t  should 
be integrated or not; 8 preferred i t  integrated because they thought 
tha t one had more va r ie ty  and tha t one was able to see the connections 
between the d i f fe re n t  branches o f chemistry, whereas 4 students thought 
tha t the p rac tica l work would have been easier to fo llow  i f  i t  was 
divided in to  the t ra d it io n a l branches o f chemistry l ik e  the lecture 
courses (c f .  section 4 .7 .3 .5 ).
1 18 students commented on th is  aspect o f the course in in terv iews.
2 S im ilar f ind ings are reported in section 4 .8 .3.5 fo r  Chemistry I I  
students.
4 .7 .4 .5 .1  Sources o f  Help
Table 4.7.22^ shows where the students got help when they were
doing the p r a c t i c a l  work.
TABLE 4.7.22
Explaining
procedure
Helping w. 
practica l 
problems
Helping w. 
under­
standing
X S.D X S.D X S.D
(a) Senior demonstrators 3.2 1 .1 3.0 1 .1 2.8 1 .1
(b) Junior demonstrators 2.6 0.9 2.5 1 . 0 3.0 1.1
(c) Other students 3.2 1 . 0 3.8 1 . 2 3.5 1 . 0
(d) Ins truc tion  sheets - - - - 2 . 1 1 . 0
(e) Textbooks and other 
1 i te ra tu re - - - - 4.0 1.1
( f )  Lectures and lecture 
notes - - - - 3.8 1.3
Rating scale 1 = Often helped me 
5 = Never helped me
Students tended to consult ju n io r  demonstrators about the procedures 
that should be used in experiments and about p ractica l problems in 
preference to senior demonstrators and other students. In order to 
understand the experiments students usually studied the in s tru c t io n  
sheets or perhaps consulted a demonstrator.
1 Data from Chemistry I ,  Quest ionnaire  I ,  quest ions 6,  7, 10, 11.
Students with a be tte r understanding o f  the experiments^ found the
2
in s truc t ion  sheets more helpful (s ig n i f ic a n t  at the 0.01 leve l) and 
tended to consult senior demonstrators more (not s ta t is t i c a l l y  
s ig n if ic a n t)  and other students less (not s ta t is t i c a l l y  s ig n if ic a n t ) .
Junior demonstrators were preferred by most students because:
(1) Students found them easier to communicate with than senior 
demonstrators. They appeared to the students to have a more 
sympathetic approach and to be more l ik e  students (10 students, 32%
3
and 3 in interviews) . Senior demonstrators on the other hand were 
often seen as being c r i t i c a l  and au tho rita r ian  and students were 
a fra id  o f showing that they did not know or understand parts o f  
the chemistry (7 students, 23% and 6 in in terv iews).
1 The students' perceived understanding o f  the experiments is  given 
by responses to question 8 , Chemistry I ,  questionnaire I .  Students 
who rated th e ir  understanding higher than the mean fo r  a l l  students 
have been described above as 'students with a be tte r understanding 
o f  the experiments'.
2 The students have been divided in to  2 groups; those w ith above 
average perceived understanding and those with below average 
perceived understanding. The ratings o f the 2 groups fo r  questions 
6 , 7 and 10 in Chemistry I ,  Questionnaire I have been compared.
The find ings described above are based on the fo llow ing data:
Help with understanding 
p ractica l work from:
students with 
above average 
understanding
Students with 
below average 
understanding
X S.D X S.D t s ig n i f ic a n t
(a) Senior demonstrators .2.6 1.2 3.0 1.1 1.00 NJS. at 0.05
(c) Students 3.9 0.9 3.3 1.0 1.85 NJ5. at 0.05
(d) Ins truc tion  sheets 1.5 0.7 2.5 0.9 3.30 St . a t .0.01
3 The f i r s t  figures are the number and percentage rep lies  in the 
questionnaires. The la t te r  f igu re  is  the additional number o f 
students giving the opinion in interv iews.
(2) Junior demonstrators were more often available than senior 
demonstrators^ (5 students, 16% and 2 in in terv iews).
(3) Other students did not always know answers and might give wrong 
advice (4 students, 13% and 1 in in te rv iew ). Other students were seen 
as being useful to help with tu to r ia l  problems and with the procedure 
because they had ju s t  done the experiment themselves and had encountered 
the same problems (4 students, 13% and 2 in in terv iews).
Senior demonstrators were preferred by some students and in  p a r t ic u la r  
fo r  explaining the theory. This was because:
Senior demonstrators knew more about the experiments and therefore
explained the theory be tte r and solved problems with the experiments
fas te r (8 students, 26% and 3 in in te rv iew s), whereas ju n io r  demonstrators
sometimes did not know as much about the experiments and sometimes gave 
2
wrong answers (2 students, 6%).
Four members o f academic s ta f f  in interviews and discussions commented 
that in the past problems had occurred with ju n io r  demonstrators not 
being very well acquainted with the experiments. These problems had 
been increased by the integrated nature o f the course which required 
ju n io r  demonstrators to become fa m il ia r  with a wide va r ie ty  o f  experiments. 
The fac t tha t the course was run in un its  did counterbalance th is  to some 
extent in tha t post-graduate students were employed as ju n io r  demonstrators 
fo r  the duration o f a u n it .  Their demonstrating duties therefore tended 
to be more concentrated than in courses which ran fo r  a term giv ing them
1 A v a i la b i l i t y  o f demonstrators was not a problem. Students had to 
wait a few minutes at the most (15 students in interviews)
2 See also section 4 .7 .4 .2 .4
an opportunity to become more involved in the course. In addition a l l  
post-graduate demonstrators were required to attend a course on safety 
and f i r s t  aid before they were allowed to demonstrate. This was held 
in the middle o f th e i r  f i r s t  year as post-graduates, which meant tha t 
in addition to being made aware o f safety fac to rs , post-graduates were 
unable to demonstrate in th e i r  f i r s t  year and were consequently more 
experienced chemists when they did.
In order to acquaint the ju n io r  demonstrators with the experiments, 
they were given the ins tru c t io n  sheets before a u n it  began and 
discussed the experiments with the member o f  s ta f f  in charge o f  the u n it .  
Also money was set aside to pay ju n io r  demonstrators to come in to  the 
laboratory before a u n it  began and to t r y  out any experiments with which 
they were un fam ilia r.
Judging from the few complaints about ju n io r  demonstrators from the 
students, these measures were quite successful.
I t  is  s t r ik in g  tha t the q u a l i ty  and amount o f help tha t students obtained 
from other students was very dependent on the circumstances. I t  appears 
tha t on the whole students tended to consult other students somewhat 
less than demonstrators and that they tended to l im i t  th e i r  questions 
to the small day to day problems encountered in the laboratory. In 
un it  2 , however, students consulted one another a lo t  more than 
demonstrators (Table.4.7.11), presumably because the demonstrators,
p a r t ic u la r ly  the senior demonstrators, were almost f u l l y  occupied in 
dealing with a l l  the problems ar is ing  out o f the students' poor under­
standing o f the qu an tita t ive  measures exercises. In u n it  3, when 
students worked as pa irs , they discussed the experiments with one another
and in the process gained a greater understanding o f the experiments 
and helped one another in working out resu lts  and calcu la tions 
(Table 4.7 .21). I t  is  in te res ting  to note that the gain in under­
standing o f the experiments a f te r  f in ish in g  them is  greater fo r  those 
un its  or part o f un its  where there is more discussion amongst students1 
(Table 4 .7 .8 ).
4 .7 .4 .5 .2  Preparing before coming in to  the laboratory
The amount of preparation tha t i t  was possible to do before an experiment 
was l im ited  by the fac t tha t in units 1 and 3 students had to f in is h  
the previous experiment before they were given a s c r ip t  fo r  the next 
one and in u n it  2 , students were given the sc r ip ts  fo r  a whole week 
at the beginning o f  the week.
When the scr ip ts  were ava ilab le , on a t least the day before doing the 
experiment, students more often than not prepared fo r  the p rac tica l 
work by reading the experimental sc r ip ts  before coming in to  the
laboratory, although there was considerable va r ia t ion  amongst the
2
students as to the re g u la r i ty  o f th is  preparation .
Preparing beforehand meant tha t students had a be tte r idea o f  what
3
they were supposed to do in the experiments . They knew the correct 
order o f procedure (20 students, 65%). This meant that the laboratory 
time was saved because students were able to plan ahead be tte r (16 
students, 52%). Preparing beforehand also meant tha t students understood
1 Not s ta t i s t i c a l l y  s ig n if ic a n t  at the 0.01 leve j.
2 Chemistry I ,  Questionnaire 2, question 2 .
3 Question 3
the experiments be tte r (14 students; 45%) and th e i r  purpose (5 students; 
16%) and that they were more aware o f sources o f e r ro r and possible 
p i t f a l l s  (3 students; 10%).
4 .7 .4 .5 .3  Workshops
Of the 23 Chemistry I students who were interviewed 18 commented on 
the workshops. The overall reaction was favourable with 12 students 
saying that they found them useful. This was confirmed in Chemistry I 
questionnaire 1, question 12. Students on the whole thought the 
workshops were quite successful in preparing them fo r  the experiments 
whi ch followed *.
There were, however, a few problems which were followed up in Chemistry I ,  
Questionnaire 2, question 4. The responses fo r  th is  question are 
tabulated below.
TABLE 4.7.23
4. Please ind icate whether you agree or disagree with the statements 
below about the workshops.
A = Agree 
D = Disagree
N = Neutral, ne ither agree nor disagree
Number o f students
A N D
(a) I t  was d i f f i c u l t  to understand the 
workshops without having f i r s t  read 
the experimental sc r ip ts
(b) I could always see the demonstration 
c lea r ly
11
10
11
5
9
16
1 A mean ra ting o f 3.3 (S.D.=0.9) on a 5 point scale with 
1 = not successful, 5 = very successful
Number o f students
A N D
(c) I t  was d i f f i c u l t  to remember de ta ils  
o f a workshop i f  I did not do the 
re lated experiment u n t i l  several 
days la te r
26 0 5
One o f the problems was that students had often been unable to read 
the experimental sc r ip ts  before attending the workshops^ and had 
l i t t l e  idea o f the experiments fo r  which the workshops were preparing 
them (a). Another problem was tha t the workshops were held in qu ite  
large groups o f  11 to 16 students and i t  was sometimes d i f f i c u l t  to 
see demonstrations (b). Students also had d i f f i c u l t i e s  remembering 
de ta ils  o f workshops i f  the re lated experiments were not done soon 
afterwards (c).
4 .7 .4 .5 .4  Time
One o f the most frequent complaints about the course was tha t the 
p ractica l work took a lo t  longer than the times indicated in the sheets . 
This was p a r t ic u la r ly  true fo r  units 1 and 2 . This was perhaps p a r t ly  
due to delay when apparatus sometimes did not work properly (4 students; 
13%y Chem I Questionnaire 2) or to students repeating experiments 
tha t went wrong (2 students in in terviews; see also sections 4 .7 .4 .1 .6 ,
4 .7 .4 .2 .6 and 4 .7 .4 .3 .5 ) .
1 See section 4.7 .4.5 .2
2 (1) See Table 4.7.4
(2) 13 students (42%) in free response question: Chem I questionnaire 2, 
question 9
(3) 6 additional students in interviews
3 ( 1 ) See Table 4.7.4.
(2) 4 students in interviews
There was no evidence o f students deciding that they had spent enough 
time in the laboratory and leaving prac tica l work uncompleted so tha t 
they could devote more time to other work (see section 4 .7 .4 .1 .4 ) .  
Typ ica lly  i f  a student could not f in is h  the practica l work in the 
recommended 11 hours per week, he would ju s t  keep working u n t i l  he 
did f in is h .
An advantage o f the u n it  system is apparent here. Even though the 
workload was heavy,students only studied a u n it  fo r  3 weeks and so 
were unable to f a l l  fa r  behind with the work fo r  each u n it  (3 students 
in in te rv iews). The u n it  system thus provides a series o f  deadlines 
fo r  the students to meet.
4.7 .4.5 .4.1 E ffect o f  lack o f time on mode o f  work
The lack o f time and the fa c t tha t students were often not given 
experimental scr ip ts  u n t i l  ju s t  before they started the experiments 
meant tha t they f e l t  tha t they had in s u f f ic ie n t  time to s i t  down and 
study the sc rip ts  thoroughly before they started^. This in turn led
9
to a tendency in more than h a lf  the experiments fo r  students to carry 
out the experiments without th in k ing ; to simply turn to the procedure 
in the sheets and fo llow  th e 're c ip e 1 w ithout f i r s t  t ry in g  to understand 
the experiments.
Another fac to r  which appeared to encourage fo llow ing the 're c ip e ' 
without th ink ing was some experiments being p a r t ic u la r ly  d i f f i c u l t  to
1 Information from:
(1) Chemistry I ,  Questionnaire 1, question 9: 11 students (36%)
(2) Interviews: an additional 8 students.
2 Mean r a t i n g  o f  3.3 (S .D .=0.9) f o r  quest ion 13 in  Chemistry I q u e s t io n n a i re
understand^ .
This problem must have been p a r t ic u la r ly  serious in u n it  2 (QM) in 
which the theory was more d i f f i c u l t  to understand than in other 
un its  (see Table 4 .7 .8 ).
4 .7 .4 .5 .4 .2  D if fe re n t ia l  e ffec ts  o f lack o f  time
In order to study whether students who understood the experiments 
be tter were less affected by the lack o f time than 'average' students, 
the fo llow ing corre la t ion  coe ff ic ien ts  were calculated from data from 
the Chemistry I questionnaire I .
TABLE 4.7.24
Unit 1
Perceived understanding 
w h ils t  doing the 
experiment 2
Unit 3 
Perceived understanding 
w h i ls t  doing the 
experiment 3
Time spent doing the 
experimental work 4 -0.34 -0.14
Time spent w rit ing -up  
the experiment 5 -0.17 -0.29
1 Information from:
M) Chemistry I ,  Questionnaire 1, question 13: 3 students (10%)
(2) Interviews: an additional 3 students
2 Question 8a
3 Question 8d
4 Questions 1.1 and 1.3
5 Questions 2.1 and 3.1; and 2.3 and 3.3 respective ly
These data ind icate tha t students who understood the experiments be tte r 
needed to spend less time on the practica l work. The lack o f  time 
therefore .affected the be tte r students less (see section 4 .7 .5 .2 .23 ).
None o f the corre la t ion  co e ff ic ien ts  is  large enough, however, to be 
s ta t i s t i c a l l y  s ig n if ic a n t  (a t the 0.05 leve l)  with the small numbers 
o f students.
4 .7 .4 .5 .5  Write-up, assessment and feedback
The write-up consisted o f working out re su lts ,  drawing conclusions 
and answering questions (see section 4 .7 .3 .4 ). This s im p li f ie d  and 
shortened form of report w r i t in g  enabled students to do much o f  the 
write-up in the laboratory (see Table 4.7.4) where demonstrators 
were available to help them and where ca lcu la tions were provided.
The students found tha t doing the write-up made them th ink and gave 
them a greater understanding o f the experiments (18 students, 58%^; 
see also Table 4.7.8 and o f th e ir  purpose (2 students; 6%^).
Students also found tha t i t  helped them to re la te  the p rac tica l work to 
the lecture courses and reinforced material taught in the lectures 
(9 students; 29%^). Some students (4 students; 13%^  and 3 in in terv iews) 
said tha t the questions in the experimental sc r ip ts  were he lpfu l fo r  
understanding the experiments and re la t in g  the p rac tica l work to the 
theore tica l work. Three students (10%^) also said that i t  gave them 
a sense o f sa t is fa c t ion  i f  th e ir  resu lts  were good , i . e .  w ith in  the 
l im i ts  o f experimental e rro r  (c f .  section 4 .7 .4 .4 .1 , u n it  3).
1 Chemistry I ,  Quest ionnaire  2, ques t ion  7
Clearly during the write-up many students began to make sense o f the 
p ractica l work which they had ju s t  done. Most o f th e ir  understanding 
was gained through studying the experimental sc r ip ts  but contact w ith 
other people, p a r t ic u la r ly  senior demonstrators, was also important 
(Table 4 .7 .22). I t  was, therefore, benefic ia l tha t students
did at least some o f the write-up in the laboratory. This was 
encouraged by the short precise nature o f the write-up and the 
a v a i la b i l i t y  o f ca lcu la tors .
The fac t tha t students were not given the experimental sheets before they 
came in to  the laboratory in un its 1 and 3 had a benefic ia l e f fe c t  with 
respect to the w rite -up. Students had to write-up each experiment 
before they were given the sheets fo r  the next one and therefore did the 
write-up soon a f te r  completing each experiment w h ils t  i t  was s t i l l  
fresh in th e ir  minds: I t  would perhaps have been be tte r i f  they had
been given the sheets e a r l ie r  so that they could understand the 
experiments before doing them rather than afterwards.
The methods o f assessment o f students' work are described in  section 
4 .7 .3 .4 . In units 1, 2 and 3 the assessment was based almost e n t i re ly  
on the students' w rite-up.
80% o f the students (24 students^) thought that they were not given 
enough information about how well they were getting on in the p rac tica l 
course. 73% (22 students^) would l ik e  to have been to ld  what grades 
they had got e ith e r  fo r  each experiment (4 students) or fo r  each u n it  
(8 students) so that they knew how they compared with the rest o f  the
1 Chemistry I ,  Quest ionnai re  2,  quest ion 8
class (10 students). Four students (13%) said that they would l ik e  
to have had more information about where they had gone wrong and what 
the r ig h t  answers were. I t  was pointed out in an interview that 
although i t  was helpful fo r  a student to get an idea o f  his marks 
from his supervisor at the end o f each term i t  was by then too la te 
to improve and correct poor practica l work.
I t  is  c le a r ly  very d i f f i c u l t  fo r  students to judge how well they are 
doing in th is  s itua t ion  which is  un fam ilia r to them and i t  may well 
reduce anxiety and increase motivation to provide a more concrete 
form of feedback about th e ir  progress.
4.7 .4.6 Summary
This section is  a b r ie f  summary o f the main find ings reported so fa r .
4.7.4.6.1 Good features o f the course
(1) The course was successful in giv ing the students experience and 
knowledge o f a wide range of basic s k i l l s  and techniques. I t s  success 
can be a ttr ib u te d  to the workshops which were used to demonstrate many 
techniques followed by t ra d i t io n a l experiments which enabled the 
students to gain experience o f the techniques in a con tro lled s i tu a t io n .
(2) (a) The un it  system gave the students a va r ie ty  both in subject 
matter and in the organisation o f laboratory work which prevented them 
from becoming bored (usua lly !)  (section 4 .7 .4 .4 .2 ) .
(b) The un it  system also helped the students to pace themselves ' .i 
(section 4 .7 .4 .5 .4 ) .
(c) The un it  system enabled demonstrators both ju n io r  (section 4 .7 .4 .5 .1) 
and senior (e.g. section 4 .7 .4 .2 .6 ) to become more involved in 
the p ractica l work because th e ir  demonstrating duties were more 
concentrated than in a conventional course las t in g  fo r  one term.
(3) Students appreciated the freedom offered by the fac t tha t the 
laboratory was open fo r  17 hours and they were only expected to 
attend fo r  11 hours. In some units ( i . e .  1 and 3) they were able 
to f i t  th e ir  laboratory work in with th e ir  other commitments and so 
balance th e ir  workload each week. This was a p a r t ic u la r  advantage
at York with i t s  strong emphasis on tu to r ia ls  because the work involved 
in preparing fo r  the weekly tu to r ia ls  varied considerably (section 
4 .7 .4 .4 .2 .1 ) .
The freedom offered by th is  f le x ib le  system also meant tha t students 
could spend longer in the laboratory i f  necessary, i f  fo r  example 
the experiment went wrong or the apparatus was not working properly 
or i f  the experiment simply took longer than expected.
(4) Students gained a greater understanding o f  the experiments when 
they wrote them up and were able to re la te  them to work covered in  
lectures. Students tended to do at least part o f  the
write-up in the laboratory, presumably because the write-up required 
was quite short and precise and because calcu la tors were ava ilab le 
in the laboratory and students were able to benefit from help given 
by other people, p a r t ic u la r ly  senior demonstrators, in the laboratory 
(section 4 .7 .4 .5 .5 ) .
4 .7 . 4 .6 .2  Learning from o the r  people
Students generally preferred to consult demonstrators ra ther than 
other students when they had problems in the laboratory (section 4 .7 .4 .5 .1 ) .  
Demonstrators were generally very helpfu l and the ju n io r  demonstrators 
on the whole seemed to be quite well acquainted with the p rac tica l work, 
although they were obviously not as experienced as senior demonstrators.
Students found, however, tha t when they had to work with one another, 
e.g. in pairs in u n it  3, and in un it  2 when the demonstrators were busy, 
discussion was helpful in understanding the experiments and working 
out the resu lts .
4 .7 .4 .6 .3  Motivation
Several factors which encouraged motivation emerge:
(1) Relevance to the lectures or relevance to fu ture p rac tica l work 
(section 4 .7 .4 .4 .1 ).
(2) In te re s t. Students f e l t  that work that interested them was more 
worthwhile (section 4 .7 .4 .4 .1 ) . '
(3) Students liked  to feel tha t they had achieved something worthwhile 
at the end o f an experiment (section 4.7.4.4.1 and section
4 .7 .4 .5 .5  ) .
(4) Students desired feedback so that they could compare th e i r  performance 
with tha t o f other students and so tha t they could correct poor work 
(section 4.7 .4 .5 .5  ) .
4 .7 .4 .6 .4 Factors which l im ited  learning
(1) The aims o f th is  course were l im ite d . Many o f the aims included in
areas C and D cannot be achieved in a la rge ly  t ra d i t io n a l course 
(section 4 .7 .3 .2 .2 ).
(2) The experiments generally took longer than the recommended time 
(section 4 .7 .4 .5 .4 ) .  Students, therefore , f e l t  that there was 
in s u f f ic ie n t  time in the laboratory to study the ins truc t ion  sheets. 
They simply turned to the ins truc tions  and followed them mechanically 
without th ink ing .
(3) Ins truc tion  sheets were often given out to the students on the 
day when they were expected to do the experiment. Students were 
therefore unable to prepare in advance (section 4 .7 .4 .5 .2 ) .
(4) The effectiveness o f the workshops was sometimes l im ited  by the 
fac t tha t students had not had time to read the ins tru c t io n  sheets 
and were therefore un fam ilia r with the experiments to which the 
workshops were re la ted. Some demonstrations in workshops were 
d i f f i c u l t  to see and students found i t  d i f f i c u l t  to remember d e ta i ls  
from the workshops i f  the experiments were not carried out soon 
afterwards (section 4 .7 .4 .5 .3 ) .
(5) The value of u n it  2 (QM) was realised by only a few students 
(section 4 .7 .4 .2 .6 ) because too many new concepts were introduced to 
the students in a short time and the number o f demonstrators was 
in s u f f ic ie n t  to cope with the large number o f problems tha t students 
encountered. Also the concepts taught in u n it  2 (QM) were not 
re inforced s u f f ic ie n t ly  in la te r  un its .
(6 ) Organisational problems such as fa u l ty  apparatus and w aiting fo r
calcu la tors to become available detracted from the success o f some 
experiments (section 4 .7 .4 .2 .6 ).
4.7.5 Unit 10/11
4.7.5.1 A description o f un it  10/11
4.7.5.1.1 Aims o f u n it  10/11
The organiser of u n it  10/11 said tha t the purpose o f th is  u n i t  was 
to explore the chemistry o f a p a r t ic u la r  element or compound or type 
o f reaction sequence using techniques lea rn t e a r l ie r ;  to bring 
together and in te r re la te  e a r l ie r  parts o f the course.
The aims which the students thought the d i f fe re n t  experiments were 
try ing  to achieve are given in the table below.
TABLE 4.7.25
^ \ A i m s
E x p e r im e n ts ^
(a) (b) (c)
n % n % n %
10.1 14 61 - - 8 35
10.2 9 42 5 24 9 42
10.3 11 52 - - 12 57
10.4 - - 15 79 6 31
10.5 14 54 5 19 3 12
10.6 5 26 10 52 -
(a) To learn spec if ic  chemical knowledge, e.g. to gain a greater 
knowledge of chromium chemistry and chromium complexes.
(b) To i l lu s t r a te  the theory; to give p ractica l experience o f  work 
covered in theory courses.
(c) To gain experience o f using chemical instruments and techniques
n = number o f students 
% = percentage o f students
4.7 .5.1 .2  Contents o f u n it  10/11
Unit 10/11 consisted o f 6 experiments which were studied by students 
in any order. The u n it  lasted 6 weeks and therefore students were 
expected to complete one experiment per week.
I n i t i a l l y  students were to ld  tha t un it  10/11 would be divided in to  
two halves. By the end o f the f i r s t  3 weeks they should have 
completed 3 experiments and should have w rit ten  them up .
During the f i r s t  h a lf  o f the u n it ,  the course organiser found tha t 
large numbers o f students were not w r i t in g  up and handing in th e i r  
experiments. They were leaving them to p i le  up and were going to 
w rite  them at the end o f the u n it .  In the course organiser's opinion 
th is  was having two bad e ffec ts :
(1) Students tended to have forgotten the experiments by the time they 
wrote them up and therefore did not understand them very w e ll .
(2) A ll the marking had to be done at the end o f the 3 week period 
which was very d i f f i c u l t  fo r  the demonstrators.
To prevent th is  happening the students were asked to hand in one 
experiment per week during the second 3 week period and were given 
penalty marks i f  th e i r  experiments were marked la te . The experiments 
were:
10.1 Isomerism in chromium complexes
10.2 Isomeric methyl quinolines
10.3 Chromate/dichromate/hydrogen chromate e q u i l ib r ia
10.4 Synthesis o f ethyl-3-oxobutanoate
10.5 Complexes o f s i lv e r
10.6 K inetic  and ana ly tica l investiga tion  o f a lka line  phosphatase
4.7 .5 .1 .3  Resources
(a) Written materials - see section 4 .7.3.3
(b) Apparatus
Students were able to do the experiments in any order subject to the 
a v a i la b i l i t y  o f apparatus. There were enough sets o f apparatus fo r  
approximately one s ix th  o f the class to do any one experiment a t the 
same time. Students worked in d iv id u a l ly  on a l l  the experiments 
except fo r  one where they worked as pa irs .
(c) Workshops
There were no workshops during th is  un it
(d) People
The laboratory was attended by 44students. They were expected to 
attend the laboratory fo r  11 out o f the 17 hours fo r  which i t  was 
open. In actual fac t they attended fo r  about 12 hours (see section 
4 .7 .4 .1 .3 ) .  At any one time one senior demonstrator and one or two
ju n io r  demonstrators were present. This gives the fo llow ing overall 
s ta f f in g  ra t io s :
students : senior demonstrator 28 : 1
students : ju n io r  demonstrator 20 : 1
students : sen. & jun. demonstrator 1 1 : 1
4.7 .5 .1 .4  A c t iv i t ie s
4.7.5.1 .4.1 Student a c t iv i t ie s
32 Observations were made o f  what students were doing at spec if ic  
times on 4 separate days during the u n i t .  These a c t iv i t ie s  are 
l is te d  in Table 4.7.26.
TABLE 4.7.26
A c t iv i ty  
(observed in 32 occasions)
No. o f students 
performing 
a c t iv i t y
% performing 
a c t iv i t y
(a) Working alone at the bench 481 81 %
(b) Talking to other students 63 10 %
(c) Consulting or ta lk in g  to 
a demonstrator 29 4 - 5 %
(d) Having a viva 12 2 - 3  %
(e) Other 7 1 %
I t  can be seen that students spent the vast m a jo rity  o f th e i r  time 
working at the bench. I t  is  not possible to f ind  out whether when 
students talked to one another they were discussing the p rac tica l
work although i t  is  my impression from walking round the laboratory 
and ta lk in g  to the students tha t very l i t t l e  else is  discussed in the 
laboratory.
There was a s ig n if ic a n t  change in the frequency o f one a c t iv i t y  
throughout the day and tha t was the amount o f time tha t students spent 
ta lk in g  to one another. Up to 2.00 p.m. students spent 8% o f th e i r  
time ta lk in g  to other students but between 2.00 p.m. and 4.30 p.m. 
they spent 14% o f th e i r  time ta lk in g  to other students. During the 
afternoon there were more students present and the demonstrators were 
f u l l y  occupied (see section 4 .7 .5 .1 .4 .2 ) ;  i f  they wanted any more help 
they had to consult other students.
I t  is  in te res ting  to note that a s im ila r  trend was noted in u n i t  2 
(see sections 4 .7 .4 .2 .4  and 4 .7 .4 .2 .6 ).
4 .7 .5 .1 .4 .2  Demonstrator a c t iv i t ie s
The a c t iv i t ie s  o f the demonstrators were also observed on 32 occasions 
and are shown on Table 4 .7 .27 .-  I t  can be seen that up to 2,
p.m.senior demonstrators and ju n io r  demonstrators spent about the same 
proportion o f th e i r  time in d ire c t  contact with students. A f te r  2.00 
the ju n io r  demonstrators spent a la rger proportion o f th e ir  time in 
d ire c t  contact with the students than did the senior demonstrators.
00
p.m.
I t  is  also in te res ting  to note that the demonstrators had more free time 
up to 2.00 p.m. than a f te r  2.00 p.m., w ith the e ffec ts  noted in the 
previous section.
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A
ctivity
4 . 7 . 5 .1 .5  Assessment
This was the only u n it  evaluated in which the marks gained fo r  the 
practica l work counted towards the part I mark.
Students were assessed mainly on the basis o f th e i r  notes on the 
experimental s c r ip ts ,  but some marks (1/5) were also given fo r  the students' 
performance in  a viva when students were asked questions to te s t  th e i r  
understanding o f the experiments.
Each demonstrator was responsible fo r  marking a l l  the sc r ip ts  fo r  one 
experiment and fo r  preparing model sets o f answers fo r  the experiment 
which could be used by other demonstrators who might give a student 
a viva at the end o f the experiment.
4 .7 .5 .1 .6  Outcomes
Table 4.7.28 shows what students thought tha t they had gained from 
each experiment.
TABLE 4.7.28 Outcomes
^ ^ u tc o m e s
Experiments^^^
(a) (b) (c) (d)
n % n % n % n %
10.1 10 43 - — 9 39 7 30
10.2 3 14 - - 10 47 6 29
10.3 11 52 - - 5 25 - -
10.4 5 26 2 11 4 21 2 11
10.5 12 48 3 12 - — 2 8
10.6 5 26 - - 5 26 1 5
(a) Chemical knowledge and understanding
(b) I l lu s t r a t io n  o f material covered in lectures and tu to r ia ls
(c) Experience o f and practice with the use o f  chemical techniques 
and instrumentation
(d) Nothing; very l i t t l e
n = number o f students making the statements 
°l = °l o f students making the statements
Comparison o f Tables 4.7.28 and 4.7.25 shows tha t on the whole students 
saw th e i r  aims as being achieved with the exception o f  aims in (b).
This is  obviously connected with the fac t tha t students did not see 
the experiments in th is  u n it  as being c losely re lated to the lecture 
courses (see Table 4.7 .29).
I t  is  s t r ik in g  that about one th i rd  o f the students thought tha t 
they had gained l i t t l e  or nothing from doing experiments 10.1 and 
10.2. This is  discussed fu r th e r  in section 4 .7 .5 .1 .7 .
4 .7 .5 .1 .7  Detailed comments on u n it  10/11
Students encountered a large number o f d i f f i c u l t i e s  w ith some experiments 
which is  to be expected as i t  was the f i r s t  time that th is  u n it  had run.
Experiment 10.1
30% o f the students thought that they had gained l i t t l e  or nothing 
from doing th is  experiment. The success o f th is  experiment appears 
to have been l im ited  by the fo llowing factors :
(1) Students were unclear o f the aims o f the experiment.
(2) Students had in s u f f ic ie n t  chemical knowledge o f  the reactions
in vo lved  in  the p r a c t i c a l  work and the p r a c t i c a l  work was not c lo s e ly
r e la te d  to the le c tu re  courses.
(3) A number o f  students said tha t they had in s u f f ic ie n t  time to
spend on th is  experiment.
Experiment 10.2
29% o f the students thought tha t they had gained l i t t l e  or nothing 
from doing th is  experiment. The success o f th is  experiment appears 
to have been l im ite d  by the fo llow ing fac tors :
(1) The experiment was d i f f i c u l t  to perform: Over h a lf  the students
mentioned d i f f i c u l t i e s  in performing the experiment and th is  experiment 
was rated as the most d i f f i c u l t  experiment in u n it  10/ 11.
(2) 43% o f the students said tha t they had in s u f f ic ie n t  time fo r
th is  experiment, which is a la rger proportion than fo r  any other 
experiment in th is  u n it .
Experiment 10.3 - few problems
Experiment 10.4
Only 2 students (11%) f e l t  tha t they had gained l i t t l e  or nothing 
from th is  experiment. The success o f th is  experiment does, however, 
seem to have been l im ited  by the same factors as experiment 10. 2 .
Experiment 10.5 - few problems 
Experiment 10.6
No overall conclusions are apparent from the d a ta fo r th is  experiment.
The lack of s u f f ic ie n t  preknowledge mentioned in experiment 10.1 and 
lack o f relevance to the lecture courses were also s ig n if ic a n t  factors 
in l im i t in g  the success o f the quan tita t ive  measures experiments in 
u n it  2 .
4 .7.5.2 Overall comments on u n it  10/11
4.7.5.2.1 General reactions
Nine students were asked to compare u n it  10/11 with the rest o f the 
course. Seven o f them thought tha t i t  was very s im ila r  to the rest 
of the course w h ils t  two o f  them preferred i t .
The feedback sheets ind icate that the students thought tha t the 
experiments in the u n it  were quite in te re s t in g , tha t some o f them were 
quite c lose ly re lated to the lecture courses and that they were o f 
about the r ig h t  level o f d i f f i c u l t y  (see Table 4.7.29).
TABLE 4.7.29
Experiment 10 .1 10 .2 10 .3 10.4 10 .5 10 .6
Sample size 40 . 40 40 40 40 . 40
Response 23 21 21 19 26 19
% response 58 % 53 % 53 % 48 % 65 ■%■ . 48 %
x 0 7 0 7 o X o 7 a  • X a
D i f f i c u l t y 2.86 0.56 3.48 0.81 2.86 0.65 3.26 0.65 2.64 0.49 2.71 0.85
In te res t 2.73 0.94 3.29 1.19 3.33 0.86 3.37 0.90 3.08 0.86 2.65 1.17
Relevance 2.70 0.91 3.57 0.93 2.76 1.04 3.83 0.81 2.62 0.93 3.59 1.25
x = Mean of ratings on f iv e  po int scales
a = Standard deviation
Five point scales: D i f f i c u l t y  : 1 = Too easy; 5 = Too d i f f i c u l t
In te res t : 1 = Boring; 5 = Stimulating
Relevance : 1 = Not re lated to lecture course
5 = Closely re lated to lecture course
4.7 .5 .2 .2  Time
4.7.5.2 .2.1 Estimates o f time spent on p rac tica l work
Students were meant to spend 11 hours per week doing a l l  th e i r  p rac tica l 
work and w r it in g  i t  up. The actual time spent on each experiment has 
been estimated by three d i f fe re n t  methods, two o f which are based on
students' estimates and the th ird  on observation. Each estimate is
d i f fe re n t  but over 11 hours. On average students spent about 12 hours 
in the laboratory as well as about 3 hours w rit ing -up  the experiments, 
i .e .  a to ta l o f 15 hours.
Estimates o f the amount o f time spent on each experiment are given below 
together w ith the number o f complaints about the experiments being too 
long or rushed.
TABLE 4.7.30
Experiment No. o f students asked about time
X
(hrs) (hrs)
no. o f 
complaints
10.1 17 12.6 2.1 3
10.2 13 14.2 2.0 11
10.3 17 10.2 1.8 7
10.4 9 13.8 1.9 9
10.5 16 9.7 2.6 0
10.6 13 10.7 1.4 0
4 . 7 . 5 .2 .2 . 2  E f f e c t  o f  i n s u f f i c i e n t  t ime on the success
o f  exper iments
The fac t tha t experiments 10.1, 10.2 and 10.4 are too long has already 
been noted in section 4 .7 .5 .1 .7  where i t  is  seen to be having an 
adverse e f fe c t  on the success o f the experiments.
Students had to complete one experiment each week and were therefore 
unable to take the va r ia t ion  in the length o f  the experiments in to  
account by spending more than one week on them. In interviews 3 
students complained about the i n f l e x i b i l i t y  o f th is  system. Another 
7 students (37%) made s im ila r  comments on a free response section 
o f the questionnaire and a fu r the r student commented in a feedback 
sheet. Typical comments were:
"By refusing to give us more than one experiment at a time we cannot 
plan our time e f f ic ie n t ly  and much o f i t  is  lo s t . "
"As with a l l  Part I p rac t ica ls  i t  was very time consuming; in te re s t in g  
but marred by the fac t tha t time was precious."
Towards the end o f the un it  three students commented tha t they found 
the work load fo r  the prac tica l course to be quite heavy at a time when 
th e i r  exams were approaching.
In spite o f the lack o f time over h a l f  o f the students (58%; 11/19) 
completed a l l  the experiments. The other 42% did not complete on 
average one experiment. Of the students who did not complete the 
un it  a l l  except one were present at some stage during the la s t  2 days 
o f the u n it :  They did not complete i t  because they did not have time,
ra ther than because they chose to work fo r  th e ir  exams instead o f 
the practica l course.
4 . 7 . 5 . 2 . 2 . 3  E f f e c t  o f  i n s u f f i c i e n t  t ime on the mode
o f  working
The e ffec ts  o f students having to rush experiments was examined in 
more de ta il in units 1, 2 and 3 (section 4 .7 .4 .5 .4 , page 423),
In interviews 4 second year students described the e ffec ts  o f  the 
shortage o f time upon th e ir  method o f  work in u n it  10/ 11.
Typical comments were:
"What we did was fo llow  the in s tru c t io n s , f i l l  in the resu lts  and 
then afterwards figured out what we were doing. You were in such 
a rush in the labs, tha t you weren't ac tua lly  getting much from i t  
w h i ls t  you were doing i t . "
"As I am doing i t  I am usually too pressed fo r  time, and I ju s t  
fo llow  the experiments through as a recipe. You don 't understand i t  
u n t i l  you go through i t  thoroughly when you are w r it in g  i t  up."
I t  can be seen that in a s itua t ion  where students have to rush, 
experimental d i f f i c u l t i e s  such as those encountered in experiment 10.2 
(section 4 .7 .5 .1 .7 ) ,  w i l l  leave students with even less time to t r y  
to understand the experiments. Rather than encouraging thought 
about why an experiment is  going wrong, the d i f f i c u l t i e s  w i l l  encourage 
fu r th e r rushing with the consequences described in the quotations above.
Interviews with 9 Chemistry I I  students suggested that students, who 
said tha t they understood the experiments w h i ls t  they were doing them, 
tended to work fas te r in the laboratory and had to spend less time 
outside the laboratory w r i t in g  up the experiments. This p re lim inary 
find ing was followed up in the Chemistry I I  questionnaire and a s im ila r  
trend was noted but is  not s t a t is t ic a l l y  s ig n if ic a n t  (a t the 0.05 le v e l) .
TABLE 4.7.31 Number o f  hours spent on la b o ra to ry  work
Understood experiments 
in laboratory
Poor or p a r t ly  under­
standing in lab.
Number o f 
students Mean S.D.
Number o f 
students Mean S.D
Hours per week spent in 
laboratory 5 13.5 1.7 14 13.5 1.2
Hours per week spent in 
laboratory w r i t in g  up 5 2.1 0.7 14 . K 3 1.5
Hours per week out o f 
laboratory w r i t in g  up 5 1.8 1.3 14 3,3 1.9
The data from the questionnaire have also been analysed by comparing 
those students who got a grade o f over 60% fo r  th e i r  Part I p rac tica l 
work w ith those who got less than 60%. Students who got be tte r marks 
also tended to work fa s te r  in the laboratory and spent less time outside 
the laboratory w r i t in g  up experiments, but th is  was again not 
s ta t is t i c a l l y  s ig n if ic a n t  (a t the 0.05 le v e l) .
TABLE 4.7.32
Part I grade > 60% 
fo r  lab work
Part I grade < 60% 
fo r  lab work
Number of 
students Mean S.D.
Number o f 
students Mean S.D
Hours per week spent in 
laboratory 7 13.2 1.1 12 13.7 1.3
Hours per week spent in 
laboratory w r i t in g  up 7 1.9 1.2 12 1.4 1.3
Hours per week out o f 
laboratory w r i t in g  up 7 2.4 1.1 12 3.1 2.1
I t  would appear from these resu lts  tha t the lack o f  time had a 
d i f fe re n t ia l  e f fe c t  on the students. The be tte r students were 
less affected by the lack o f  time, whereas 'average' students had to 
rush more and therefore tended to work through the experiments without 
try in g  to understand them.
No f irm  conclusions can be drawn from these re su lts . The differences 
between the d i f fe re n t  groups o f students are too small to be 
s ta t i s t i c a l l y  s ig n if ic a n t  w ith the small number o f students in th is  
inves tiga tion . A s im ila r  trend, however, was noted in section 4 .7 .4 .5 .4 .2 .
4 .7 .5 .2 .2 .4  A cause o f  in s u f f ic ie n t  time
In interviews 4 students commented tha t some o f the experiments simply 
'd id  not work'. S im ilar comments have been made in the de ta iled 
comments about each u n it .
C learly in a course which is  new some experiments w i l l  not work well 
i n i t i a l l y :  No allowance seems to have been made fo r  th is  when
estimating the time tha t students are expected to spend on each experiment.
4 .7 .5 .2 .3  Who did the students consult fo r  help?
The data related to th is  question are included in Table 4.7.33.
A very s im ila r  overa ll trend to tha t fo r  un its  1, 2 and 3 (section 4 .7 .4 .5 .1 ) 
was noted. Students tended to consult ju n io r  demonstrators or other 
students about the procedures to be used in the experiments; they tended 
to consult ju n io r  demonstrators more about p rac tica l problems and found 
the ins truc t ion  sheets the most useful source o f  help in understanding .L
the theory  o f  the exper iments .
In Table 4.7.33 comparisons are made between those students who 
thought they understood the experiments well when they were doing them 
and those who understood them less w e l l \  In Table 4.7.33 comparisons 
are also made between those students who got greater than 60% fo r  th e i r  
Part I p rac tica l marks, and those who got less than 60%.
The fo llow ing trends are observed:
(1) Students who thought they understood the work be tte r tend to consult 
other students a lo t  less (s ig n i f ic a n t  at 0.01 le v e l) .  A s im ila r  
trend was noted fo r  students with more than 60% but i t  is  not so strong 
and is not s ta t is t i c a l l y  s ig n if ic a n t .
(2) Students who thought they understood the work be tter needed less 
help with p ractica l problems. There was no s ig n if ic a n t  d iffe rence 
between students with higher and lower marks in th is  respect.
(3) Students who thought they understood the work be tte r tended to 
consult senior demonstrators more fo r  explaining the procedure and 
understanding the work (not s ta t is t i c a l l y  s ig n i f ic a n t ,  except 8 (c ) ) .  
Again there was no s ig n if ic a n t  difference between the students w ith 
higher and low marks in th is  respect. A s im ila r  trend was noted in 
section 4 .7 .4 .5 .1 .
(4) The trend noted in section 4.7.4.5.1 that students with a be tte r 
understanding o f the experiments found the ins truc t ion  sheets more 
helpful is  not substantiated fo r  un it 10/ 11.
1 Chemistry I I ,  Quest ionnai re  1, quest ion 9
TABLE 4.7.33 Sources o f  help
Analysed according to 
perceived understanding
Analysed according to Part I 
p rac t ica l grade
Understood expts ’ 
well w h i ls t  doing 
them
Understood expts' 
less well w h ils t 
doing them
Practica l grade
> 60%
Practica l grade 
< 60%
Explaining what procedure should be used :
(a)
( b )
( c )
Mean' S.D.
3.2 1.6
3.0 1.6
4.0 0.7
Mean
3.6
2.7 
2 . 2
S.D.
0.7
0.8
1.0
n
14
14
14
Mean
4.0
3.1 
3.0
S.D,
0.6
1. 1
1.5
Mean S.D. n
3.2 1.0 12
2.4 1.0 12
2.4 1.1 12
Help with p rac tica l problems'
(a)
(b)
(c)
Mean SoD
3.8 1.8
3.2 1.1
5.0 0.0
Mean
3.4
2.4 
3.0
S.D,
0.9
1.3
1.0
n
14
14
14
Mean
3.7
2.4
4.1
S.D,
1.3
1.4 
1.1
Mean S.D. n
3.4 1.1 12
2.7 1.2 12
3-.1 1.4 12
Help to understand the theore tica l material :
Mean S.D.
(a) 2.6 1.3
(b) 3 .8 1.3
(c ) 5 .0 0 .0
(d) 2 . 8 1.1
(e) 3.0 1.4
( f ) 3 .8 1.1
Mean
3.4 
3.0 
2.9
2.5 
3.2
3.5
S.D.
0.8
1. 0
0.7
0.8
1 . 1
1.4
n
14
14
14
14
14
14
Mean
3.1
3.6
3.9
2 . 6
2.9 
3.6
S.D,
1 . 2
1.3
1.4 
1.0 
1 . 2  
1.3
Mean
3.3 
2.9 
3.0 
2 . 6
3.3
3.4
S.D,
0.9
1.0
1.1
0.8
1.1
1 . 2
n
12
12
12
12
12
12
(a) = Senior demonstrators
(b) = Junior demonstrators
(c) = Other students
(d) = Ins truc tion  sheets
(e) = Textbooks and other l i te ra tu re
( f )  = Lectures and lecture notes
1 Chem I I  Questionnaire, question 9
2 Chem I I  Questionnaire, question 7
3 Chem I I  Questionnaire, question 8
4 Chem I I  Questionnaire, question 11 (the le t te r in g  has been
reorganised fo r  c la r i t y  in Table 4.7.33)
The students' perceptions o f the demonstrators were investigated with 
the Chemistry I students and are described in section 4 .7 .4 .5 .1 .
In interviews the Chemistry I I  students also commented on the 
demonstrators:
Seven o f the nine students interviewed said that they had had 
d i f f i c u l t i e s  when asking ju n io r  demonstrators questions: They f e l t
tha t quite often the ju n io r  demonstrators were not very well acquainted 
with the experiments and were therefore unable to help them. Two 
ju n io r  demonstrators commented tha t they f e l t  ra ther inadequate to 
cope with the experiments outside th e i r  sp e c ia l is t  f i e ld .  They could 
usually help the students w ith experimental problems but found 
d i f f i c u l t y  understanding the experiments and in questioning the 
students during vivas. They found that they had to re ly  heavily 
on the answers that had been prepared by the demonstrator in charge 
o f a p a r t ic u la r  experiment. These problems were accentuated by the 
fac t that the course was new and so a l l  the experiments were new to 
a l l  the ju n io r  demonstrators. I t  is  obviously also more d i f f i c u l t  
fo r  a ju n io r  demonstrator to acquire the necessary knowledge o f  an 
experiment at the second year level than at the f i r s t  year leve l.
Most (seven) students found the senior demonstrators to be h e lp fu l.
I t  can be seen from Table 4.7.33 tha t in sp ite  o f  th is  many students 
preferred to consult ju n io r  demonstrators rather than senior demonstrators. 
This is  also supported by the data from observation in section 4 .7 .5 .1 .4 .2 . 
Senior demonstrators were consulted less than ju n io r  demonstrators 
during a period when the demonstrators were busy and instead students 
preferred to consult one another.
From the data in  sec t ion  4 .7 .4 .5 .1  and from the f a c t  t h a t  s tudents  who
understood the experiments well were less re luctant to consult senior 
demonstrators, i t  would appear that students tended to avoid senior 
demonstrators because they found them too c r i t i c a l  and au tho r ita r ia n . 
Two Chemistry I I  students commented in interviews tha t they 
de lib e ra te ly  avoided going to demonstrators because they did not want 
the demonstrators to know that they did not understand the experiments.
In a course where help is  given when requested i t  appears tha t the 
better students w i l l  get the benefit o f  the experience o f the senior 
demonstrators more than the average students.
The vivas were helpful in th is  respect in tha t they were a time 
when ind iv idua l students came together with a demonstrator to discuss 
an experiment. Four students commented in interviews tha t they 
found the vivas helpfu l fo r  c la r i fy in g  points that they did not 
understand.
In order tha t students may gain more benefit  from the demonstrators 
w h i ls t  they are ac tu a lly  performing an experiment, there must be a 
change in emphasis from a l l  the help being given to students when they 
requested i t , t o  a system where more o f the in i t i a t i v e  fo r  helping 
lay with the demonstrators.
4.7 .5 .3  Summary
This section b r ie f ly  summarises the main find ings re lated to un it  10/11.
4.7.5.3.1 Good features o f u n it  10/11
(1) The un it was on the whole quite successful in fa m il ia r is in g  the
students w i th  and he lp ing  them to understand s p e c i f i c  chemical t o p ic s .
I t  also gave experience o f and practice in the use o f chemical 
techniques and instrumentation (section 4 .7 .5 .1 .6 ) .  The students, 
however, did not think that the p rac tica l work i l lu s t ra te d  material 
covered in lectures and tu to r ia ls  (section 4 .7 .5 .1 .6 , see also section
4 .7 .2 .1 .3 , aim 2, graph 4 .7 .1 ).
(2) The students found the vivas helpful in c la r i fy in g  points tha t 
they did not understand (section. 4 .7 .5 .2 .3 , page 449).
4.7 .5 .3 .2  Learning from other people
(1) In th is  un it  the lack o f t ra in in g  and inexperience o f ju n io r  
demonstrators became a more important fac to r  in determining how much 
the students lea rn t from the ju n io r  demonstrators (section 4 .7 .5 .2 .3 , 
page 448). Three factors tended to make a ju n io r  demonstrator1s 
job more d i f f i c u l t  than in previous units studied:
(a) This u n it  was more integrated than previous un its in tha t i t  
contained experiments from a l l  three main branches o f chemistry. 
Junior demonstrators therefore had to cope with a wider range o f  
content.
(b) This u n it  was taken in the second year and therefore required a 
greater depth o f understanding.
(c) This was the f i r s t  time that the u n it  had run.
(2) In sp ite  o f th is  students s t i l l  tended to consult ju n io r  
demonstrators in preference to senior demonstrators (section 4 .7 .5 .2 .3 ) .
(3) Students who thought tha t they understood the experiments were less 
re luc tan t to consult senior demonstrators. This meant tha t be tter 
students tended to get help from more experienced1 people (section
4 .7 .5 .2 .3 , page 449).
4 .7 .5 .3 .3  Factors which l im ited  learning
(1) The most important fac to r l im i t in g  learning in th is  u n it  was 
the lack o f time coupled with the fa c t tha t students had to complete 
one experiment per week and were discouraged from spending more than
one week on an experiment (sections 4 .7 .5 .1 .7 , 4.7 .5.2 .2.1 and 4 .7 .5 .2 .2 .2 ) .
The lack o f  time led to students working mechanically in the laboratory 
without th ink ing about the experiments (section 4 .7 .5 .2 .2 .3 ) .
One o f the factors l im i t in g  the success o f experiment 10.2 (section 
4 .7 .5 .1 .7) was that i t  was d i f f i c u l t  to perform. In a s itu a t io n  where 
time was short experimental d i f f i c u l t i e s  would in e v itab ly  lead to more 
rushing and consequently more mechanical unthinking working.
The lack o f time appears to have had a d i f fe re n t ia l  e f fe c t  on the 
students. 'Average' students tended to work more slowly than the 
be tter students, and there was therefore a greater tendancy fo r  them 
to work mechanically.
(2) The in s u f f ic ie n t  preparation o f  ju n io r  demonstrators fo r  th e i r  
ro le in th is  u n it  has already been mentioned.
1 I t  also meant that senior demonstrators tended to have more contact 
w ith be tte r students which may have given them a fa lse impression 
o f how well the student body was coping with the course.
(3) In some experiments in s u f f ic ie n t  chemical knowledge and lack o f 
relevance to the lecture courses were factors which in h ib ite d  the 
success o f experiments (sections 4.7 .5 .1 .6  and 4 .7 .5 .1 .7 ) .
(4) In some experiments i t  was not c lear to the students what they 
were try in g  to achieve.
4.7.6 Conclusions and recommendations
This chapter attempts to id e n t i fy  the in te rre la t ion sh ips  between a 
number o f  factors which had a s ig n if ic a n t  e f fe c t  on the success o f  the 
course. The resu lts  o f  the analysis imply a number o f  ways o f  
improving the course.
4.7.6.1 Motivation
The motivation of students w i l l  obviously a f fe c t  how much they learn 
in a course. A number o f factors which affected student motivation 
are outlined in Figure 4.7.1.
Standards
Feedback
MotivationType of 
experiment
Sense o f  achievement
Deadlines imposed by u n it  
system
In te rest
( i )  In t r in s ic  in te re s t  o f 
experiments
( i i )  Variety o f un it system
Relevance
( i )  Relevance to lectures
( i i )  Relevance to other prac.
( i i i )  In tegration o f d i f fe re n t  
branches o f chemistry
For the most part Figure 4.7.1 is se lf-exp lanato ry , but a more 
deta iled explanation is  given in section 4 .7 .4 .6 .3 . A student's 
sense o f achievement has been related to the type o f experiment.
The students seem to f ind  experiments which give experience o f 
p ractica l s k i l l s  and techniques to be less sa tis fy in g  than experiments 
which are re lated to the theory courses (section 4 .7 .4 .4 .1 ) .  Students 
also commented on the lack o f  feedback about th e ir  progress both in 
terms o f how well they had done an experiment and in comparison with 
other students, i . e .  they were unable to guage th e i r  level o f 
achievement (section 4 .7 .4 .5 .5 ) .
4.7.6.2 Understanding
One fac to r which has a cruc ia l e f fe c t  on how much a student gains 
from doing an experiment, is  the degree o f  understanding tha t a 
student has o f the experiment, both w h i ls t  he is  doing the experiment 
in the laboratory and afterwards when he is  w r i t in g  i t  up. A poor 
understanding o f an experiment w i l l  make i t  d i f f i c u l t  to re la te  
p ractica l work to theore tica l work and w i l l  decrease the degree o f 
reinforcement o f theore tica l work, thus decreasing success in 
achieving aims in area A. I t  was in th is  area that the achievement 
o f the present course was l im ited .
An inadequate understanding o f the experiments could also lead to 
students making errors in the experimental work and to them encountering 
unnecessary p ractica l d i f f i c u l t i e s ,  e.g. experiments 1.2 and 1.3 in 
u n it  1. This would have a l im i t in g  e f fe c t  on the achievements o f  
aims in areas A and B, p a r t ic u la r ly  when time was short.
Another bad e f fe c t  o f poor understanding is  that i t  tends to encourage 
students to work mechanically w ithout th ink ing , which in turn leads to 
a poorer understanding. The factors a ffe c t in g  poor understanding are 
ou tlined in Figure 4.7.2 on page 455.
The e ffe c t  o f the d i f fe re n t  factors varied considerably from experiment 
to experiment but the fac to r which had the strongest e f fe c t  throughout 
the course was the lack o f time, which led to mechanical working, 
which in turn led to a poor understanding o f the experiments.
In order to improve the students' understanding o f the experiments 
the factors which tend to produce poor understanding could be removed 
and in addition factors which tend to produce a good understanding 
of the experiments could be re inforced. Figure 4.7.3 shows the 
factors which promote a good understanding o f  the experiments.
These factors which had a benefic ia l e f fe c t  on the course were l im ite d  
by other factors which are b r ie f ly  reviewed below:
(1) Students found i t  easier to approach ju n io r  demonstrators than 
senior demonstrators, who to some students appeared to be ra ther 
c r i t i c a l  and au tho r ita r ian . Junior demonstrators on the other hand, 
although easy to ta lk  to , were less fa m il ia r  w ith the experiments, 
p a r t ic u la r  in u n it  10/11 where they had to cope with ra ther more 
complicated chemistry. The integrated nature o f  the course also 
meant tha t ju n io r  demonstrators had to be fa m i l ia r  with experiments 
outside th e i r  sub-d isc ip line o f  chemistry. This was to some extent 
counteracted by the more concentrated nature o f the demonstrating 
duties in the un it system and by the fa c t tha t in  u n it  10/11 a t  
lea s t,  one experiment was allocated to each demonstrator so tha t he
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could prepare a sheet explaining the experiment to other demonstrators. 
Obviously, more work has to be done in th is  area o f preparing ju n io r  
demonstrators fo r  th e i r  ro le  in the laboratory.
(2) The effectiveness o f  the workshops was l im ited  by the fo llow ing : 
Students were sometimes unable to read the experimental sc r ip ts  before 
going to the workshops and therefore found them d i f f i c u l t  to understand. 
The groups were sometimes too large fo r  students to see demonstrations 
c lea r ly  during the workshops. Students found i t  d i f f i c u l t  to remember 
de ta ils  o f workshops i f  they did not do the re lated experiments u n t i l  
several days la te r .
(3) Students found the discussions a r is ing  w h ils t  working in pairs 
usefu l, both fo r  understanding the experiments and fo r  working out 
ca lcu la tions. At present, however, working in pairs is  generally 
l im ited  to those experiments fo r  which there is in s u f f ic ie n t  apparatus 
fo r  students to work in d iv id u a l ly .
(4 ) .Students were often unable to prepare fo r  experiments because the 
experimental sc r ip ts  were not made availab le to them s u f f ic ie n t ly  
early .
C H A P T E R  5
VIDEOTAPES IN UNDERGRADUATE CHEMISTRY LABORATORIES
This chapter describes an evaluation o f  the use o f  videotapes in 
two undergraduate chemistry laboratory courses, i .e .  course IV 
described in section 4.5 and another course at Sussex Univers ity .
The evaluation is  d i f fe re n t  in s ty le  from those in Chapter 4 and 
so has been placed in a separate chapter. The evaluation focuses on a 
pre-determined issue, the use o f  videotapes in the labora tory , and 
assesses the effectiveness o f th is  method o f learning in  two 
d i f fe re n t  learning environments.
5.1 Introduction
Videotapes are being used increasing ly fo r  teaching p rac tica l s k i l l s  
and techniques in science a t the undergraduate le v e l.  This chapter 
describes a study designed to explore systematically the p rac tica l 
advantages and problems o f using videotapes in the labora tory. L i t t l e  
work has been done in th is  area. Kempa and Palmer (85) have shown tha t 
videotapes are superior to w rit ten  ins truc t ions  fo r  teaching p rac tica l 
s k i l l s ,  but few other studies have been reported.
A number o f reasons fo r  using videotapes in the laboratory have been 
given in the l i te ra tu re :
1. To save s ta f f  and demonstrator time so tha t they can give more 
ind iv idua l a tten tion  to students. (22,26,137,144,150).
2. Demonstrations o f  good q u a l i ty  can be produced (10,74,127,150) 
because they can be ca re fu l ly  prepared. Howland (74) points out tha t 
when demonstrators are required to give a demonstration repeatedly
the q u a l i ty  o f the demonstration tends to f a l l .  I t  is  also pointed
uuu  ^ i \ j  , w»w , / *t , i *j \ j  )  niai. Lfitr ccmiefd lb dL)ie XO TOCUS On SITld 1 I
d e ta i ls  tha t are d i f f i c u l t  to see in  a l iv e  demonstration.
3. To o f fe r  a service tha t is  f le x ib le ,  students are able to see
videotapes when and as often as they wish (22,75,26,150).
The use o f  videotapes fo r  teaching p rac tica l s k i l l s  and techniques 
in two f i r s t  year chemistry laboratory courses was investigated - 
one at Surrey Univers ity  (about 30 students) and the other a t 
Sussex Univers ity  (about 80 students).
The inves tiga tion  examined:
1. The d i f fe re n t  ways in which the videotapes were used in  the two 
courses.
2. Opinions about the effectiveness o f the videotapes as a teaching 
/ lea rn ing  medium.
3. The accep ta b il i ty  o f videotapes to s ta f f  and students.
4. Some of the problems which arise when videotapes which are made in 
one in s t i tu t io n  (Sussex Univers ity) are used in another 
in s t i tu t io n  (Surrey U n ive rs ity ).
Information was gathered by observation, interviews and questionnaires. 
Observation and interviews with s ta f f  were used to ascertain the 
organisation and running o f the courses and the use o f the 11 video­
tapes. Questionnaires were given to the students to obtain de ta iled  
information about th e i r  reactions to three o f the videotapes, two o f  
which were used at both Sussex (150) and Surrey. Some o f the questions
111 uie qutibl iuimd i re were pursuea in more aeptn in interviews with 
nine students. S ta f f  reactions and a tt itude s  were studied using
interviews. In general, the resu lts  reported are those in which the 
various means o f investiga tion  re in force each other.
5.2 The videotapes
The videotapes used in the two courses contained demonstrations, 
about 10 min in length, o f  certa in  basic s k i l l s  and techniques such 
as re c ry s ta l l is a t io n ,  melting po in t determination and f i l t r a t i o n .
At Sussex nine videotapes were used. The students viewed the 
videotapes as a group, in plenary sessions, on two videomonitors which were 
permanently f ixed  in the two laboratories being used. A videomonitor 
was also available in the balance room so tha t students could see 
videotapes again i f  they wished, or so tha t fas te r students could see 
videotapes before the rest o f  the students.
In the Surrey course s ix  videotapes were available fo r  use by students 
when they needed to learn a new s k i l l  or technique. Finding a su itab le  
place fo r  the video-monitor was a problem : students were found to be 
eas ily  d is trac ted  i f  they watched the videotapes in the laboratory 
where they were working. Eventually, as a temporary measure, the 
videomonitor was placed in an adjacent laboratory tha t was not being 
used at the time o f  the p ractica l class.
5.3 The courses
The two courses were s im ila r  in tha t they were f i r s t  year chemistry 
service courses o f s im ila r  length, but there were many d iffe rences.
The Sussex course was designed mainly to i l lu s t r a te  parts o f the 
lecture course and to teach basic laboratory techniques, whereas the 
Surrey course, although including these aims, put more emphasis on 
a b i l i t ie s  tha t would enable students to design and carry out 
experiments themselves. I t  also stressed working and cooperating 
with other students in a team.
The sty les o f  the laboratory courses re flec ted  the d i f fe re n t  emphasis 
o f aims. The Sussex course consisted o f t ra d i t io n a l types o f  
experiments with step-by-step in s tru c t io n s , and students worked 
in d iv id u a l ly .  The Surrey course consisted mainly o f one open or 
problem solving experiment tha t students tackled in groups o f  four or 
f iv e .  The student to s ta f f  plus demonstrator ra tios  were 20:1 and 
7:1 at Sussex and Surrey respective ly.
5.4 Effectiveness
The effectiveness o f the videotapes as a teaching/learning medium 
has been assessed in th is  study by questionnaires and interviews 
with s ta f f  and students as well as by observation. The items on the 
questionnaire are l is te d  in Table 5.1 and the results  obtained from 
both questionnaires and interviews are summarised in Table 5.1 . overlea f.
Views as to the effectiveness o f the video-tapes may be summarised 
as fo llows:
1. The students thought tha t the videotapes were successful in 
teaching laboratory s k i l l s  and techniques and were re levant.
2. Discussion with s ta f f  a t both Surrey and Sussex revealed tha t they 
were sa t is f ie d  with the level o f competence reached by students
l A B L t  b . I
j UNIVERSITYi
S U R R E Y SUSSEX
J Le tte r representing v i/tape A B C D B C
1
! No. o f students in sample 2 2 2 4 1 1 8 3 4 3 5
No. o f responses 2 0 1 9 7 4 2 2 2 4
% response oo 3 7 9 6 4 5 0 6 5 6 8
X 0 X a X a X a X a X a
(1) Success in teaching 
i laboratory s k i l l *
(1 = unsuccessful 
5 = very successful)
3.8 0.8 3.9 0.7 4.1 0.3 3.2 3.7 0.9 4.0 0.8
(2) Relevance to
laboratory course 
(1 = unrelated 
5 = c lose ly re lated)
4.2 1.0 4.5 0.6 4.0 0.9 4.0 4.6 0.7 4.8 0.4
(3) Organisation and 
presentation*
(1 = incomprehensible 
5 = very clear)
3.9 0.9 3.9 0.9 4.0 0.8 4.7 4.5 0.5 4.3 0.8
(4) In te res t o f video-tape 
(1 = boring 
5 = stim u la ting)
3.5 0.7 2.6 1.0 3.1 0.7 3.8
'
3.3 0.8 3.0 0.6
(5) Speed o f presentation 
(1 = too slow 
! 5 = too fas t)
f
3.2 0.6 2.7 0.7 2.6 0.5 2.5 2.8 0.6 2.7 0.6
(6 ) Amount o f material 
(1 = too much 
5 = too l i t t l e )
2.9 0.6 3.1 0.6 3.4 0.8 3.0 3.3 0.7 3.0 0.6
(7) A u d ib i l i t y  o f video­
tape*
(1 = d i f f i c u l t  to hear 
5 =  easy to hear)
3.6 0.8 3.7 1.0 3.4 1 .1 3.7 3.8 1.1 3.8 1.3
( 8 )  Quality o f p ic ture * 
(1 =  unclear 
5 =  very clear)
3.5 0.8 3.2 1.2 3.3 1.4 3.7
s
3.5 1 .1 3.0 0.9
* The scales fo r  (1 ), (3 ), (7) and (8 ) have been reversed when
transposed from the questionnaires in order to c la r i f y
presentation.
x = mean ra ting  a = standard deviation
A = R ecrys ta ll isa t ion
B = Choosing a solvent fo r  re c ry s ta l l is a t io n  
C = Melting po in t determination
D = F i l t r a t io n  by suction
witn respect to tne s k i i i  ana tecnmques wmcn tney naa 
lea rn t from video-tapes. They f e l t  tha t the videotapes were a t least 
as e ffe c t ive  as the methods which they replaced, i . e .  w rit ten  
ins truc tions  supplemented by ind iv idua l help a t Surrey and l iv e  demon­
s tra t ions  to the whole class at Sussex.
3. At Surrey i t  was observed tha t i t  was not often necessary fo r  
s ta f f  or demonstrators to intervene in a student's experiment
in order to correct an incorrec t technique.
In interviews nine students offered some reasons fo r  the effectiveness
o f videotapes as a teaching/learning medium.
Six students compared videotapes favourably with w r it te n  in s tru c t io n s .
They f e l t  the fa c t  tha t they could see a demonstration was important:
' I  looked at the videotape and could see exactly  what I should do :
I t  gives you confidence1.
'With videotapes you ac tua lly  see i t  happening whereas i f  the ins truc t ions  
are w r it te n  down you don 't get a continuous pattern in your brain : You 
get step-by-step ins truc tions . In a videotape you see the sequence 
as a continuous whole'.
Five students compared videotapes with l iv e  demonstrations:
'The explanation on videotapes is  c learer than hearing the lec tu re rs  l iv e  
because i t  is be tte r planned'.
' I  th ink videotapes are a much be tte r way to teach techniques than to 
have somebody ac tua lly  demonstrate at the f ro n t  o f  the class because a l l  
the equipment is  prepared fo r  the videotape and no time is  wasted 
se tt ing  up and preparing apparatus'.
b.b MccepiaDi n i y
A teaching method must not only be e f fe c t iv e ,  but i t  must also be 
acceptable to both students and s ta f f .  The methods used to answer 
questions about effectiveness also revealed a tt itudes  regarding 
acce p ta b il i ty .
1. A l l  the students interviewed at Surrey reacted favourably 
towards the use o f  videotapes. Students' comments on the 
questionnaires were also mainly favourable. There were, however, 
c r i t ic ism s  from a m inority  o f  students who d is l iked  the impersonal 
nature o f the videotapes. One o f the Surrey students commented:
‘ The only trouble is  tha t you cannot ask questions.
You are only being shown what to do and i t  is  ra ther
impersonal . . .  The presentations tended to be ra ther 
long-winded because a videotape is  unable to in te ra c t  w ith 
students. Live demonstrations can adjust to the teaching 
needs o f the students but a videotape must cover a l l  the 
possible problems'.
At Sussex students were able to ask questions a f te r  the videotape had 
been shown, but there were s t i l l  c r i t ic ism s  by a few students:
'Videotapes lack the spontaneity o f a real l iv e  
demonstration with a l l  the small ind iv idua l incidents 
tha t occur tha t make the s k i l l  memorable. They are 
ju s t  too perfect and thus pass over the memory w ithout 
s t ic k in g ' .
The m ajority  o f the students, however, found the videotapes to  be 
organised and presented c le a r ly .
. . iv,m>> jtuuciaD at ouf rtjy bd 1 u cna c cney 11 kGd the f  act 
tha t they could see a videotape when and as often as they l iked .
This method o f free access d id , however, have disadvantages in a 
course consisting mainly o f an open experiment: students found i t  
d i f f i c u l t  to judge the pace at which they should work. They were 
observed to rush through the experimental work and not to plan 
what they were doing. They were re luc tan t to watch the videotapes 
because they f e l t  tha t they had not got s u f f ic ie n t  time to spare.
This meant tha t s ta f f  had to encourage the students to watch the 
videotapes.
3. Students at Sussex also said on the questionnaires tha t they l iked  
having access to the videotapes when they were needed as well as 
watching them in the plenary session and, in fa c t ,  the videomonitor 
in the balance room was in almost constant use, mainly by students 
looking at videotapes fo r  a second time.
4. The students found the videotapes reasonably in te res t in g  but 
interviews with the nine Surrey students revealed tha t they a l l  
viewed the videotapes as fun c tion a l> as a means to an end, ra ther 
than something o f in t r in s ic  in te re s t .  Students thought tha t both 
the amount o f material in the videotapes and the speed o f presentation 
were about optimal.
5. Although the technical q u a l i ty  in terms o f q u a l i ty  o f p ic tu re  and
sound was poor a t times both at Surrey and Sussex, th is  was
only mentioned as a problem by the Sussex students. On the 
questionnaires about a quarter o f  the students said tha t they 
found the q u a l i ty  o f the p icture d is tra c t in g  and a few students said 
tha t they found i t  d i f f i c u l t  to hear. Clearly the q u a l i ty  o f the 
p icture is  more important when a large number o f students, in th is  case
40, are watching one videomonitor than when fou r or f iv e  are.
6. The s t a f f  and demonstrators saw the videotapes as per forming
three important functions:
( i )  The videotapes saved s ta f f  and demonstrator time and freed 
them from routine work so tha t they could spend th e i r  
time doing things that could not be done by machines, i .e .  
help students on an ind iv idua l basis. This was also 
mentioned as an advantage by a number o f students.
( i i )  The videotapes meant tha t students could learn new s k i l l s  
and techniques a t the time when they needed them. In the 
Surrey course, students had free access to the videotapes.
At Sussex the course organiser commented tha t the students
a l l  watched the videotapes a t the same time, but, nevertheless, 
using videotapes meant that the demonstrations could eas ily  
be given a t any time during a p ractica l session whereas 
with a l iv e  demonstration i t  is  a l o t  easier to give the 
demonstration a t the beginning o f  the session.
( i i i )  One unexpected advantage tha t was noted was tha t i f  a 
demonstrator was un fam ilia r with the techniques or apparatus 
being used, because he had taken his f i r s t  degree in a 
d i f fe re n t  un ive rs ity  and sometimes a d i f fe re n t  country, he 
was qu ick ly and unobtrusively able to review the technique 
by viewing the videotape.
5.6 T ra n s fe ra b i l i ty
Before the course started at Surrey about 20 videotapes made in Sussex 
were viewed by the course organiser at Surrey, but about h a l f  o f  them 
were considered unsuitable fo r  use at Surrey mainly because the apparatus
This section compares the reactions o f  the Surrey and Sussex students to 
two o f the videotapes made a t Sussex Univers ity .
The s im i la r i t y  in the reactions o f the students a t Surrey and Sussex 
was s t r ik in g .  The only s ig n if ic a n t  differences between the a tt itude s  
o f  students a t Surrey and Sussex were tha t the Sussex students thought 
tha t one o f the two videotapes was more c lose ly re la ted to th e i r
laboratory course than did the Surrey students and tha t the other was
be tte r presented and more in te re s t in g .*
The presenter on the videotapes was the course organiser at Sussex and so the 
Sussex students were fa m i l ia r  with him whereas the Surrey students were not. 
This seemed to make l i t t l e  d ifference to the students' reactions to the 
presenter.
TABLE 5.2
Responses to the questionnaire questions:
'What are your reactions to the speaker ?
Does he appear confident ?
Is there anything you p a r t ic u la r ly  l ik e  or 
d is l ik e  about his performance ? '.
Univers ity Favourable Neutral Unfavourable
Reactions Reactions Reactions
% Number °l Number % Number
Sussex 50 21 33 14 17 7
Surrey 42 8 42 8 16 3
*  S i g n i f i c a n t  a t  the 0.05 leve l
Videotapes were judged to be an e f fe c t ive  medium fo r  teaching practica l 
s k i l l s  and techniques in undergraduate chemistry labora to r ies . They 
have several features which are advantageous.
1. They save s ta f f  and demonstrators from routine teaching giv ing 
them more time to help students in d iv id u a l ly .
2. They are prepared in a concrete form and th e i r  q u a l i ty  is  eas ily  
open to c r i t ic is m  and con tro l.  Each demonstration is ,  therefore , 
c a re fu l ly  prepared and executed.
3. Students have access to demonstrations when and as many times as 
they need them.
4. Videotapes tha t are produced in one in s t i tu t io n  can be used 
in another.
Chapter 6
A comparison between t ra d i t io n a l and open courses
This chapter draws together the find ings from the l i te ra tu re  survey 
o f the opinions o f academic chemistry s ta f f  in higher education and 
from the s ix  evaluations described in Chapter 4. The chapter is  
divided in to  6 main sections: Section 6.1 is  about the s im i la r i t ie s  
and differences in  t ra d it io n a l laboratory courses, section 6.2  about 
open or problem solving courses, and section 6.3 compares t ra d it io n a l 
and open courses w ith one another. Section 6.4 reviews the a lte rna t ive  
sty les o f laboratory courses availbale fo r  achieving d i f fe re n t  groups 
o f aims and section 6.5 is  a summary o f methods available fo r  improving 
the effectiveness o f laboratory courses. F in a l ly ,  section 6.6  ou tlines 
areas fo r  future research.
6.1. T rad it iona l courses
Much o f the information in  the survey o f the opinions o f  academic 
chemistry s ta f f  is  re lated to t ra d i t io n a l courses.
Of the s ix  courses evaluated 3 can be described as t ra d i t io n a l  and a 
fu r th e r  one as mainly t ra d i t io n a l but w ith some open aspects. They 
are b r ie f ly  characterised below:
Type o f Lab. . 
course
Described in  
section
Code
no
Type o f 
students
Subject
area
Traditiona l 4.4 I I I Chem I Inorganic
Trad + open 4.3 I I Chem Eng I Organic+inorg.
Tradi t iona l 4.6 V Chem I I Physi cal
T rad itiona l 4.7 VI Chem I+ I I Integrated Chem.
6 .1 .1 .1  Aims o f  present  la b o ra to ry  courses
In the survey questionnaire s ta f f  indicated tha t the main emphasis 
fo r  th e i r  courses in  the f i r s t  2 years lay in areas A (aim 2) and B 
(aim 6 , 7 and 8 ) with emphasis also being placed on aims in area C 
which could be achieved w ith in  the context o f  t ra d i t io n a l courses, i . e .  
aim 17: log ica l and methodical working in  the laboratory 
aim 18: day-to-day laboratory notebook
aim 19: deductions from and in te rp re ta t io n  o f experimental data 
aim 22 : report w r i t in g .
Emphasis was also placed on some aims in  area D, i . e .  s t im u la ting  
in te re s t  (aim 26) and developing honesty and s c ie n t i f ic  in te g r i t y  
(aim 28), and on one aim in  area E, i . e .  providing closer contacts 
between students and academic s ta f f  (aim 31). Again these aims could 
a l l  be achieved w ith in  the context o f t ra d i t io n a l courses.
The aims o f courses I I ,  I I I ,  V and VI on the whole c losely re f le c t  
these aims. Course I I I  is  unusual in that i t  was not designed to 
i l lu s t r a te  the lectures (Section 4.4.2.1 aim 2; area A)and in  course 
V, aims in  area B were emphasised a lo t  less (Section 4 .6 .2 .1 ) .
Of the four courses only course V emphasises aims in  area E, i . e .  
providing closer contacts between students and academic s ta f f  (aim 31) 
and developing s k i l l  in  working and cooperating in  a team (aim 33). 
This re f le c ts  the very low student : s t a f f  ra t io  in th is  course.
I t  is in te res ting  to note tha t whereas s ta f f  usually emphasise 
's t im u la t ing  in te re s t '  as being quite an important aim only students 
in course V thought tha t th is  was an important aim in  th e i r  course.
I t  is  also surpris ing  that students thought tha t aim 11 ' to  develop 
students' s k i l l  in  problem-solving by experimental work' was an important 
aim in  a l l  four courses, whereas s ta f f  emphasised the aim in  only 2 o f 
the courses (V + V I) .  This suggests tha t what s ta f f  see as rou tine , 
students may see as problematic.
6 .1 .1 .2 Aims o f  ideal laboratory courses
S ta f f  opinions from the survey questionnaire and s ta f f  and student : 
opinions in the evaluations ind icate that they feel the main emphasis 
o f the courses are correct and should be in areas A and B and the 
parts o f C, D and E indicated in  the previous section. The survey 
questionnaire (section 3 .3 .2 .5 ) ,  however, indicates tha t s t a f f  would 
l ik e  to see more emphasis placed on a l l  the a t t i tu d in a l  aims in  area 
D and some o f the aims in area C to do with problem-solving (aim 11) 
and planning and designing equipments (aims 15 and 16); the la t t e r  
two aims p a r t ic u la r ly  in the second year. This desire fo r  a change 
in emphasis was not f e l t  as strongly by most o f  the s ta f f  in  the course 
evaluations, but is  re flec ted  in  the opinions of the students in a l l  
four courses, p a r t ic u la r ly  with respect to aims in area D.
I t  was pointed out in  section 2.2.2.1.1 o f  the l i te ra tu re  survey tha t 
a common c r i t ic is m  of t ra d i t io n a l laboratory courses is  tha t they are 
said to be only able to achieve aims in areas A and B and to a 
l im ited  extent in C. The evidence from the survey questionnaires and 
the evaluations indicates tha t fo r  the most part th is  c r i t ic is m  is  a 
va lid  one. S ta f f  usually only t r y  to achieve aims in areas A, B and 
small parts o f C, D and E when using t ra d i t io n a l courses in sp ite  o f 
th e ir  aspirations to put more emphasis on area D and to some extent 
area C (see section 3 .3 .2 .5 ). In order to s h i f t  the emphasis o f
aims towards areas C and D i t  appears that pro ject types o f  work have 
had to be introduced (section 2 .1 .4 .2 ).
6 d .2  Characteristics o f t ra d i t io n a l  courses
The t ra d i t io n a l courses evaluated had several features in common with 
one another and w ith the t ra d i t io n a l courses described in response to 
the survey questionnaire:
(a) In t ra d i t io n a l experiments the students were expected to carry out 
the experiments in a predetermined way. The experiments were described 
by ins truc t ion  sheets which contained step-by-step ins truc t ions  on
how to perform the experiments and usually the necessary theory fo r  
the experiment. In some courses use was also made o f te x t books or 
period ica ls  (see section 3 .3 .3 .3 ). In course I I I ,  the te x t  book 
i t s e l f  contained step-by-step ins truc t ion s .
(b) The s ta f f  and demonstrators were available to help students when 
necessary, usually at the request o f  the students (courses I I ,  I I I ,  V, VI) 
sections 4 .3 .3 .1 .2 , 4 .4 .3 .1 .2 , 4 .6 .3 .1 .3 , .4 .7 .4 .1 .3 ,  4..7.A2.2, 4 .7 .4 .3 .3 ,
4 .7 .5 .1 .3 .
(c) At the end o f each experiment the students were required to do a 
formal 'w r ite -up ' or report, which was a complete descrip tion o f  the 
experiment (courses I ,  I I I ,  V), or sometimes students did a shortened 
form o f write-up which included re su lts ,  conclusions and some sort
o f  d iscuss ion  (course V I ,  sec t ion  4 . 7 . 3 .4 ,  see a lso  sec t ion  3 . 3 . 4 . 3 ) .
6 .1 .3  The s tudent  in  r e l a t i o n  to  o the r  people
6 .1.3.1 The iso la ted nature o f t ra d i t io n a l p rac tica l 
work
The a c t iv i t ie s  of students were observed in 3 o f the 4 t ra d i t io n a l 
courses and set out in  Table 6.1 below:
TABLE 6.1
Courses Percentages
VJL
A c t iv i t ie s I I I V Unit 2 U nit 10/11
(1) Working at bench 88 53 78 81
(2) Talking to student 6 29 13 10
(3) Talking to s ta f f 3 8 7 )
) 5
(4) Talking to demonstrator 3 6 2 )
(5) Talking to technician 0 2 0 0
(6 ) Oral assessment; viva 0 0 0 3
(7) Other 0 0 0 0
I t  can be seen that providing step-by-step ins truc t ions  minimises the 
need fo r  students to in te ra c t  with other people: in  three o f the 
courses described the vast m ajority  o f the students' time was spent 
working alone at the bench. Students also, however, need help from 
other sources and i t  appears that the poorer a student's understanding 
o f  an experiment, the more help he needs (course VI, sections 4.7 .4.5 .1
4 .7 .5 .2 .3. This section examines the factors a ffec t ing  the amount o f  
in te rac tion  between students and other partic ipan ts  in  the courses:
(a) In course V the amount o f time that students spent working alone 
at the bench was considerably less than in  the other courses. This 
was to a large extent due to the fac t tha t students worked in pa irs .
This resulted in students spending 24% o f th e ir  time in the laboratory 
discussing experiments with th e i r  partners (see section 6 .1 .3.4 fo r  
fu r th e r  d e ta i Is ).
(b) Another fac to r which seems to have influenced the amount o f 
in te rac tion  between the partic ipants  in the courses was the a t t i tu d e  
o f s ta f f  and demonstrators. I t  appears from Table 6 .1 . tha t the 
amount o f student-student in te rac tion  is  re lated to the amount o f 
student-staff/demonstrator in te rac t io n^ . The atmosphere o f a 
course, where help is  given on request is  very much influenced by 
the a tt itu d e  o f the s ta f f  and demonstrators. Where s ta f f  and 
demonstrators are enthusiastic  and are sympathetic to students* 
questions, then the students w i l l  be encouraged to ask more questions 
and i t  appears to consult one another more. The a t t i tu d e  o f  s t a f f
and demonstrators thus la rge ly  determines whether the course is  a
2
formal one, l ik e  course I I I  where students tended to work in  
iso la t io n  or a less formal one where students are not a fra id  to ask 
questions.
A fu r th e r  e f fe c t  o f the a t t i tu d e  o f the s ta f f  is  re lated to marking. 
In a course where the s ta f f  are very enthus iastic  they are prepared
1 The reasons fo r  the greater in te rac tion  in course V have been 
mentioned previously and i t  is  apparent from the evaluation 
o f u n it  2 in course VI tha t the students had considerable 
d i f f i c u l t i e s  and needed a lo t  o f help. An examination o f 
the d i f f i c u l t y  o f the d i f fe re n t  courses judging from the 
d i f f i c u l t y  ratings on the feedback sheets does not ind ica te , 
however, tha t the amount o f in te rac tion  is  d i re c t ly  re la ted 
to the d i f f i c u l t y  o f  the experiments.
2 The lack o f involvement o f the s ta f f  and demonstrators in  
course I I I  was mentioned in the evaluation report as one o f 
the main problems of tha t course, with the course organiser 
being absent fo r  28% o f the time and the demonstrators being 
allocated to marking fo r  h a lf  th e i r  time in  the labora tory .
to do marking outside laboratory hours, thus increasing th e i r  
a v a i la b i l i t y  to the students, e.g. in course I I  nearly a l l  the 
marking was done outside laboratory hours (section 4 .3 .3 .1 .4 ) ,  
whereas in course I I I  nearly a l l  the marking was done in  the 
laboratory (section 4 .4 .2 .1 .3 ) .
A re lated problem is  tha t help is not always given to those students 
who need i t  most (courses I I I , V, VI, sections 4 .4 .3 .2 .3 .2 , 4 .6 .3 .2 .3 .4 ,
4 .7 .4 .5 .1 , 4 .7 .5 .2 .3 ) .  Many students were re luc tan t to consult 
s ta f f  because o f a fear o f showing themselves to be ignorant. They 
viewed the s ta f f  as being c r i t i c a l  and au tho rita r ian  (courses V, VI, 
sections 4 .6 .3 .2 .3 .4 , 4 .7 .4 .5 .1 , 4 .7 .5 .2 .3 ) .  Students, on the 
other hand, saw demonstrators as being more l ik e  themselves^.
The a tt itudes of students to the s ta f f  and demonstrators can be 
traced to the in s truc t ion a l environment in  which they meet the 
s ta f f  and demonstrators. Usually students only consult s t a f f  or 
demonstrators i f  they have problems. S ta f f  sometimes in i t i a t e  
the in te rac tion  with students, e.g. 4 .4 .3 .1 i4 .3  and 4 .7 .4 .2 .4 , but 
often in a c r i t i c a l  or in a supervisory capacity. Demonstrators 
ra re ly  do th is .  In a t ra d i t io n a l course there is  l i t t l e  opportun ity 
fo r  discussions of a h e u r is t ic  nature: the experimental procedure is  
predetermined and i f  done co rrec t ly  should achieve predetermined 
resu lts .
(c) The s ta f f in g  ra tios can also have an e f fe c t  on the amount o f 
student-staff/demonstrator in te ra c t io n . The comparative s ta f f in g  
ra tios  fo r  the courses are given in Table 6.2 below:
1 See a lso  Reference (121)
TABLE 6.2
Course VI
ra t i I I I I I V Unit 1 Unit 2 Unit 10/11
s tu d e n t is ta f f 30:1 11:1 10:1 34:1 26:1 28:1
studentiPG demonstrator 15:1 22:1 13:1 17:1 37:1 20:1
student:staff+demonstrator 10:1 7:1 6:1 11:1 16:1 11:1
Course V had the most favourable student:staff+demonstrator ra t io  o f 
the courses and one which was well below the national mean fo r  the 
size and year o f the course. In th is  course there was the greatest 
amount o f in te rac tion  between students and the s ta f f  and demonstrators^.
At the other extreme course VI u n it  2 had the highest s tu d e n t is ta f f  + 
demonstratorratio and in th is  course there were in s u f f ic ie n t  s t a f f  and
demonstrators to cope with a l l  the students' problems in  sp ite  o f the
2
fa c t  tha t s ta f f  worked very hard in th is  course . The amount o f  
student-staff/demonstrator in te rac tion  was the lowest o f the 4 courses.
I t  is  in te res ting  to note tha t the s tu d e n t is ta f f  + demonstrator ra t ios  
of about 10:1 or 11:1 were usually judged to be sa t is fa c to ry  (course 
VI units 2 + 10/11) but not in course I I I  (section 4 .4 .3 .2 .4) where 
in e ffe c t iv e  use was made of the demonstrators). These ra t ios  are
1 There was probably a s im ila r  amount o f s tudent-staff/dem onstrator 
in te rac tion  in course I I ,  but no records were kept o f th is  during 
the evaluation.
2 The reason fo r  the high s tu d e n t is ta f f  + demonstrator ra t io  was tha t 
large numbers o f s ta f f  and demonstrators were used to run workshops 
in  another part o f the course. This i l lu s t ra te s  the d i f f i c u l t i e s  o f 
deciding how to use a l im ited  supply of resources.
around the national mean (Table 3.17, section 3.3.3.17) and are 
s im ila r  to those desired by s ta f f  in  the Ourisson report (125).
6 .1.3.2 Providing more student-staff/demonstrator 
contact
I t  can be seen from the previous section that the amount o f help tha t 
students get from sta ff/dem onstra tors, as well as depending on 
obvious constraints such as s ta f f in g  ra t io s ,  also depends on a number 
o f less obvious constra in ts , i . e .  a t t i tu d e  o f s ta f f  and demonstrators 
to th e i r  ro le  in the laboratory and a tt itudes  o f students to s ta f f  
and demonstrators. I t  is  possible, however, in  a t ra d it io n a l 
laboratory course to formalise student-staff/demonstrator contact in  
such a way tha t each student comes in to  contact with staff/demonstrators 
on a regular basis:
(a) In course VI (sections 4 .7 .3.4 and 4 .7 .5 .2 .3 ) vivas were given to 
students a f te r  each experiment. These were oral sessions, about 10 
minutes long, during which s ta f f  or demonstrators met students on an 
ind iv idua l basis in order to discuss each experiment with each student. 
The viva was used by s ta f f  and demonstrators to assess the students' 
understanding o f the experiment and contributed about 20% to the to ta l  
mark fo r  the experiment. The students found the vivas useful in 
helping them to understand the experiments.
(b) Also in course VI (sections 4 .7 .3 .3  and 4 .7 .4 .5 .3 ) workshops were 
used. These were a combination o f a demonstration and a short ta lk  
las t ing  perhaps h a lf  an hour in a l l  given by a member o f s t a f f  or 
demonstrator to a group o f about 10 students. Students found the 
workshops useful and thought tha t they were qu ite  successful in
prepar ing  them f o r  the exper iments which fo l lowed .
(c) Groups can also be used to bring students in to  contact w ith 
staff/demonstrators. Within the framework o f a t ra d i t io n a l course, 
groups, led by a member o f s ta f f  or a demonstrator, are used in  order 
to generate data more rap id ly  (6) and in order to fa m il ia r ise  students 
in d ire c t ly  w ith a wide range o f apparatus and techniques (51, 50).
The use o f groups can also promote discussion, develops s k i l l s  in 
communicating results and helps the students' understanding o f the 
experiments (see section 2 .2 .3 .2 ) .
The use o f groups w ith in  the context o f open or problem solving 
courses is  discussed in section 6 .2 .3 .3 .
6 .1.3.3 Replacing student-staff/demonstrator in te ra c t io n
Computers and audio-visual aids can be used to replace or supplement 
some aspects o f student-staff/demonstrator in te ra c t io n .
6.1.3.3.1 The use o f computers in the tu to r ia l  mode
Computer programmes can be w r it te n  so that they are responsive to 
students' needs (course V) and so can replace some of the tu to r ia l  
aspects o f the s ta f f  and demonstrators ro le . Computers have been 
used to guide students in planning and evaluating experiments 
(course V, section 4 .6 .3 .1 .3 (c ) ;  section 2 .2 .3 .3 .1) in problem 
solv ing, in te rp re ta t io n  of spectra (section 2.2 .3 .3 .1) and in 
helping students to revise and understand the theory o f the experiments 
(course V, section 4 .6 .3 .2 .3 .3 ) .
In course V some aspects o f using computers were found to be superior 
to the student-staff/demonstrator in te rac t io n  which they were 
supplementing:
(a) The teaching programme had been ca re fu l ly  prepared and was there­
fore be tte r than the equivalent scheme done by a member o f s ta f f .
(b) Students were not a fra id  o f ge tting the wrong answer when in te r ­
acting with the computer, whereas with s ta f f  they were.
(c) Students were encouraged by the immediate feedback and enjoyed 
doing the programmes.
(d) The computer exercises stimulated students working in  pairs at 
the terminals to discuss the chemistry w ith one another.
The computer programmes were found by the students to be l im ite d  in 
tha t they were not as f le x ib le  as members o f s ta f f  and were not able 
to adapt to ind iv idua l students' learning needs.
Overall, the use o f computers in the laboratory encouraged discussion, 
thought and consequent learning.
The inse rt ion  o f computer programmes in to  t ra d i t io n a l courses enables 
the emphasis o f these p a r t ic u la r  exercises to be sh if ted  from the 
p rac tica l de ta ils  o f the experiments towards the planning o f the 
experiments and the in te rp re ta t io n  o f experimental data (aims in  area
6 .1.3.3.2 The use of audio-visual materia ls to 
supplement laboratory in s tru c t io n
The data from the questionnaire survey ind icate that increasing use 
is being made o f audio-visual material in the labora tory, p a r t ic u la r  
video-tapes and tape-slides (section 3.3.4.1) and tha t about 20 to 
25% of a l l  chemistry laboratory courses use audio-visual m ateria l, 
although usually on ra ther a small scale.
Audio-visual materials are unresponsive and therefore can only be 
used to replace the ins truc t ion a l ra ther than the tu to r ia l  aspects 
o f  the s ta f f  and demonstrators' ro le , such as introducing an 
experiment or teaching basic p rac tica l s k i l l s  and techniques.
In course IV (Chapter 5) the use o f video-tapes fo r  teaching basic 
p rac tica l s k i l l s  was studied. They were judged to be an e f fe c t iv e  
teaching medium and had several features which were advantageous 
(see also section 2.2.3.3 .1) '.
(a) They saved s ta f f  and demonstrator time.
(b) Their q u a l i ty  was eas ily  contro lled and each demonstration was 
c a re fu l ly  prepared and executed.
(c) Students had access to demonstrations when and als many times as 
they needed them.
(d) Videotapes prepared in one in s t i tu t io n  can be used in  another.
Both computer programmes and audio-visual materials have the
advantage th a t,  l ik e  in s tru c t io n  sheets, they are s e l f  ins truc t iona l 
and can be inserted in to  a t ra d i t io n a l course without making any extra 
demands on the pedagogical s k i l l s  of s ta f f  and demonstrators and in 
fa c t can save them time, freeing them to help students in other ways.
They do require a large amount o f time to prepare but because they 
can be transferred from one in s t i tu t io n  to another the workload can 
be shared amongst a large number o f people.
6.1.3.4 Student-student in te rac tion  in t ra d i t io n a l 
courses
I t  was pointed out in section 6.1.3.1 tha t students usually spend the 
vast m a jority  of th e i r  time in the laboratory, in a t ra d it io n a l course, 
working alone at the bench and tha t the amount o f student-student 
in te rac tion  appears to be influenced by the atmosphere created in the 
laboratory by the manifested a tt itudes  o f s ta f f  and demonstrators.
An examination o f Table 6.1 and the evaluation reports in Chapter 4^  
shows tha t students derive a considerable amount o f help from one 
another in the laboratory and, in fa c t ,  usually consult one another 
more than s ta f f  and demonstrators. In sp ite  o f th is ,  attempts are 
ra re ly  made to ca p ita l ise  on student-student in te rac tion  as a learning 
resource.
Table 6.1 shows tha t the amount of student-student in te rac tion  can be 
vastly  increased by students working in  pa irs . The data in section
3 .3 .3 .1 .2 , however, ind icate that s ta f f  generally prefer students to 
work alone and tha t i f  students work in pairs th is  is usually because
1 Course I I ,  4 .2 .3 .2 .2 ( i)+ 4 .2 .3 .2 .3 (a ) ; Course I I I ,  4 .4 .3 .1 .4 .1  +
4 .4 .3 .2 .3 .1 ; Course IV, 4.5 .3.1 .3.1 + 4 .5 .3 .2 .5 ; Course V, 4 .6 .3 .1 .4 .1  
4 .6 .3 .2 .3 .4 ; Course VI, 4 .7 .4 .2 .4 , 4 .7 .4 .4 .2 .2 , 4 .7 .4 .5 .1 , 4 .7 .5 .1 .4 .1
4 .7 .5 .2 .3 .
of constra ints of apparatus or space. The evaluations o f courses V 
(section 4 .6 .3 .2 .3 .4 ) and VI (section 4 .7 .4 .4 .2 .2 ) have shown, 
however, tha t working in pairs can produce substantial educational 
benefi t s .
The agreement between the findings in the two courses is  remarkable.
In both courses approximately the same numbers o f students preferred 
working in pairs as preferred working alone. The m a jo r ity  o f the 
students found tha t discussion with th e i r  partners helped them to 
understand the experiments and was helpful when working out resu lts  
and ca lcu la tions . Students who preferred working in pairs thought 
tha t they lea rn t more, made fewer mistakes, worked well as a team 
and worked fa s te r ,  when working in pa irs . The opposite was true o f 
students who preferred working alone. An investiga tion  o f the 
students who preferred working alone, in course V, revealed tha t th is  
could be because o f one of two fac to rs :
(a) The students were incompatible.
(b) The students' personal learning stra teg ies were be tte r adapted 
to working alone.
The overall p ic ture presented is  therefore tha t a l l  the students 
benefitted in some ways from working in pairs but tha t some e i th e r  
had d i f f i c u l t i e s  in cooperating with th e ir  partner or simply preferred 
working alone. In courses which emphasise i l lu s t r a t in g  the lectures 
(area A o f the aims), understanding the experiment is  important and 
i t  therefore appears that the large m a jority  o f students gain more 
from working in pairs than alone. In courses where more emphasis
is placed in area B the benefits o f working in pairs are less apparent. 
Working in pairs can, o f course, also be used to encourage the 
achievement of aims in area E, but these are not usually f e l t  to be 
very important. (sections 3.3.2.3 + 3 .3 .2 .5 ).
6.1.3.5 The problem o f the untrained P.G. student 
demonstrator
Post-graduate student demonstrators are widely used in chemistry 
laboratory courses a t u n ive rs it ies  (section 3.3.3.17, Tables 3.17 
and 3.18) but usually l i t t l e  e f fo r t  is made to prepare P.G. student 
demonstrators fo r  th e i r  ro le  in the laboratory. P.G. students are 
sometimes simply given copies o f experimental sc r ip ts  (courses I I I  
and V) and are assumed to be fa m il ia r  w ith the course, having studied 
i t  themselves, as students in previous years (Ref (121) p22; course V)^.
Brooks et al (23) describe a short course in the U.S.A. designed to 
help demonstrators to undertake th e i r  ro le  in the laboratory, and 
Davies (37A) has described the use o f notes to help demonstrators 
f u l f i l  th e i r  ro le  in the laboratory in the U.K.
In course VI (section 4 .7 .4 .5 .1) some e f fo r ts  were made to prepare 
P.G. demonstrators fo r  th e ir  ro le in  the laboratory. Before P.G. 
students could demonstrate in the laboratory, they had to attend a 
safety course and subsequently they were encouraged to go in to  the 
labora tory, p r io r  to the students, to t r y  out any experiments with 
which they were un fam ilia r . Money was set aside to pay P.G.
1 In course I I ,  one e f fe c t  o f the course being developed was tha t
I was both helping to develop the course and was acting as a
P.G. demonstrator on the course and was very fa m il ia r  w ith the
course.
demonstrators fo r  th e i r  time spent in th is  way. In addition to th is  
in u n it  10/11 (section 4 .7 .5 .1 .5) each member of s ta f f  or demonstrator 
was made responsible fo r  one experiment fo r  which he had to prepare 
model sets o f answers and re su lts ,  which could then be used by other 
members o f s ta f f  or demonstrators.
In course I I I  there were considerable d i f f i c u l t i e s  with the P.G. 
demonstrators (section 4 .4 .3 .2 .3 .1 ) .  Three o f the four demonstrators 
were from foreign un ive rs it ie s  and were completely un fam ilia r w ith 
the experiments and had d i f f i c u l t i e s  in explaining themselves in  
English. As a re su lt  they were o f l i t t l e  help to the students who 
were ra ra ly  consulted. The B r i t is h  demonstrator, on the other hand, 
had previously done the course as a student and was consulted much 
more o ften^ . The problems with P.G. demonstrators and the re su lt ing  
low level o f in te rac tion  in the course led to a low level of 
achievement of the aims of the course (section 4 .4 .4 ) .
The fa c t  tha t P.G. demonstrators were c le a r ly  il l-equ ipped to 
demonstrate in the laboratory stems from two factors outside the 
control o f the course organiser:
(a) The number o f P.G. research students in th is  department was 
re la t iv e ly  small and so d i f f i c u l t i e s  were encountered in f ind ing  
s u f f ic ie n t  P.G. demonstrators, and most o f the P.G. students were 
fore ign.
(b) The P.G. students union at th is  un ive rs ity  ins is ted tha t a l l
1 In Table 4 .4 .3 ,8  out o f the 9 occasions when demonstrators were 
ta lk ing  to studentsSwere with the B r i t is h  demonstrator.
P.G. students be given the o p p o r tu n i t y  to  do some teach ing .
In such a s itu a t io n  the necessity to give the P.G. students some 
sort o f t ra in in g  before they s ta r t  demonstrating in the laboratory 
is  more important than usual, even i f  th is  t ra in ing  is  only a t the 
basic level o f fa m il ia r is in g  the demonstrators with the apparatus 
and experiments before the course s ta r ts .
In course VI some problems with P.G. demonstrators were encountered 
in  u n it  10/11 but not in un its  1, 2 and 3: Demonstrators were not
very well acquainted with the experiments and were therefore unable 
to help the students with some problems. The demonstrators' 
d i f f i c u l t i e s  were accentuated in th is  u n it  by the fo llow ing (see 
section 4 .7 .5 .3 .2 ) :
(a) Within the u n it  the d i f fe re n t  sub-divis ions of chemistry were 
integrated. This made i t  d i f f i c u l t  fo r  demonstrators to cope with 
problems outside th e ir  s p e c ia l is t  f ie ld .
(b) The u n it  was running fo r  the f i r s t  time and so none o f them were 
fa m i l ia r  w ith the experiments from previous experience.
(c) Demonstrators had to give students vivas at the end o f each 
experiment, in which they were try in g  to assess the students' 
understanding o f the experiments. These vivas sometimes revealed 
inadequacies in  the demonstrators' own understanding.
(d) The in te l le c tu a l level o f the material in u n it  10/11 was higher 
than e a r l ie r  un its . As the in te l le c tu a l level o f the material
being covered rises through the degree course, i t  becomes increasingly 
d i f f i c u l t  fo r  P.G. demonstrators to cope with the d i f f i c u l t i e s  tha t 
students encounter. From Table 3.17 and 3.18 in section 3.3.3.17 
i t  can be seen tha t on a national basis the usage of P.G. demonstrators 
decreases as the level o f the courses increases.
In summary, the need fo r  some kind o f t ra in in g  of demonstrators is  
accentuated in courses where P.G. demonstrators are un fam ilia r w ith 
the course content because:
(a) the course is a new one,
(b) the P.G. students did not do th e i r  f i r s t  degree at the present 
in s t i tu t io n  and therefore did not do the experiments themselves as 
students,
(c) the course includes content not in the sub-d isc ip line  o f  
chemistry w ith in  which they are spe c ia lis ing ,
(d) the in te l le c tu a l level o f the course is  re la t iv e ly  high.
In t ra d i t io n a l p ractica l work students spend the vast m a jo r ity  o f 
th e ir  time in the laboratory at the bench fo llow ing step-by-step 
ins truc tions  and only consult other people i f  they have problems.
This means that the e ffec ts  of poor tra in in g  o f demonstrators are 
minimised: I f  the student does the experiment properly then he
should reach a predetermined re s u lt .  He w i l l  only need to consult 
other people i f  he does something wrong, i f  the apparatus does not 
work or i f  there are inadequacies in the experimental s c r ip t .
In i t s  most basic form the ro le  o f  s t a f f  and demonstrators can thus
be reduced to one of maintaining an ins truc t ion a l system which w i l l
run i t s e l f .  There are, o f course, opportunities to improve the 
ins truc t ion a l system by performing more than th is  basic function , 
but w ithout doing more than th is ,  the course w i l l  continue to run,
in the sense tha t students w i l l  be seen to be working through the
experiments at the bench.
A second fac to r in a t ra d it io n a l course which may minimise the 
e ffec ts  o f poor t ra in ing  of demonstrators is the fac t tha t students 
can choose who they go to fo r  help and thus the pro fic iency o f 
members o f s ta f f  or some demonstrators or even other students may 
go some way to m it iga ting  the effec ts  o f a poor demonstrator 
(e.g. course I ,  section 4 .2 .4 .1 ) .
6.1.4 The student w ith in  his learning environment
6.1.4.1 The experiment
This section examines the impact o f ind iv idua l experiments on the 
students and the success or otherwise o f the experiments.
6 .1.4.1.1 Aims
In none o f the tra d it io n a l courses evaluated were the aims o f 
ind iv idua l experiments explained to the students. The students 
were l e f t  to in fe r  the aims o f the experiments. In some experiments 
the aims were stra ightforward and could be in ferred from the t i t l e ,  
e.g. course VI, u n i t  1, but in others the aims were less obvious to
the students. In courses I I I  and VI some students did not know 
what the aims of some experiments were^. In course I I I  (section 
4 .4 .3 .2 .1 ( iv )  + 4 .4 .3 .2 .2 ) th is  seems to be linked with the fac t 
tha t the students were un fam ilia r with the theore tica l material in 
the experiment. The fa c t  tha t students did not know the aims o f 
the experiments contributed to the students fee ling  tha t they had 
gained l i t t l e  or nothing from doing the experiments.
I t  is  pointed out in section 2.1.1 o f the l i te ra tu re  survey that 
aims and objectives help students to organise th e ir  learning.
I f  the aims o f an experiment are not obvious to the students and 
p a r t ic u la r ly  i f  the theore tica l content is un fam ilia r , then the 
aims should be stated e x p l ic i t l y .
6.1 .4 .1 .2  The content o f experiments
An in t r in s ic  problem with t ra d i t io n a l laboratory courses is  tha t
the experiments can eas ily  turn in to  'cookery' exercises with the
students fo llow ing the in s tru c t io n  sheets.without understanding the 
2
chemistry involved . The fa c t  tha t experiments are modified by
3
s ta f f  u n t i l  they are foo lproof means tha t they require l i t t l e  thought.
The tendency to mechanical working is  reinforced i f  experimental 
d i f f i c u l t i e s  are encountered by the students. Students have to 
spend more time on the experiment which means tha t they have in s u f f ic ie n t
1 Course I I I ,  section 4 .4 .3 .2 .1 ( iv ) ; Course VI, sections 4.7 .4 .2 .1  +
4 .7 .5 .1 .1 , 4 .7 .5 .1 .6 , 4 .7 .5 .1 .7 .
2 Sections 2.2 .2 .1 .2  and 3.4.1
3 Sect ion  3.4.1
time to t r y  to understand the experiment w h i ls t  they are doing i t^
and therefore tend to work mechanically. This in turn can lead to
students fee ling  tha t they have not achieved the aims o f the
experiment. In add it ion , problem solving is  usually not one of
the important aims in a t ra d i t io n a l course and so l i t t l e ,  i f  any,
2c re d it  is  given fo r  overcoming experimental d i f f i c u l t i e s  .
Another problem with t ra d i t io n a l experiments is  the d i f f i c u l t y  o f 
re la t in g  some o f them to other parts o f the course. Lack o f 
in tegra tion  with other parts o f the course can lead to students 
viewing experiments as iso lated exercises which are d i f f i c u l t  to 
understand and seem po in tless.
3
When the students had in s u f f ic ie n t  pre-knowledge or when the
practica l work was not re lated to work covered in the theory
courses, students often found the experiments d i f f i c u l t  to understand,
which meant tha t they worked more slow ly, found i t  d i f f i c u l t  to
understand the point o f the experiments and f e l t  tha t the experiments
4
were not worthwhile*.
In contrast, when students thought tha t the practica l work was re la ted 
to the lecture courses, they f e l t  tha t the practica l work was worth­
while and appreciated being able to apply what they had lea rn t in 
the lecture courses to a p ractica l s i tu a t io n . The fa c t  tha t they 
f e l t  tha t they were learning also appears to have added in te re s t  to 
the experiments.
1* . Course VI, sections 4 .7 .4 .5 .4  and 4 .7 .5 .2 .2 .3 .
2 Course VI, sections 4 .7 .4 .5 .5  and 4 .7 .5 .1 .5 ; Course I I I ,  section
4 .4 .2 .1 .5 .
3 Course VI, sections 4 .7 .4 .2 .1 (2 ) ,  4 .7 .4 .2 .6  and 4 .7 .5 .1 .7 .
4 Course VI, section 4.7.4.4.1
Davies and Penton (37) describe favourable student reactions to a 
course in which the theore tica l and practica l material were integrated. 
The students f e l t  tha t they were ac tua lly  understanding and learning 
the material presented.
In course I I I ,  a course designed p r im ar i ly  to teach basic s k i l l s  and
techniques, students found i t  d i f f i c u l t  to see the point o f experiments
tha t were not re lated to the theory courses^. In con trast, in 
2
course VI u n it  1 students thought the u n it  was very worthwhile 
because i t  taught them basic experimental techniques tha t they thought 
they would need la te r  in order to be able to carry out other experiments.
The need to re la te  ind iv idua l experiments to other parts o f the course 
has been recognised by respondents to the questionnaire survey (section 
3 .3 .4 .1 ) ,  both to produce closer in tegra tion  or co rre la t ion  between the 
laboratory and theory courses where d i f fe re n t  parts are linked together 
more coherently in 'integrated sequences'.
6 .1 .4 .1 .3  The 'w r ite -up '
3
The write-up can serve three main functions :
( i )  Doing the write-up makes students th ink and gives them a greater 
understanding o f the experiments and o f th e i r  purpose. Students also 
found that i t  helped them to re la te  the practica l work to the lectu re
1 Course I I I ,  section 4 .4 .3 .2 ,V, ( i i i )
2 Course IV, section 4.7.4.4.1
3 Ogborn (121)
courses and re in fo rc e d  m a te r ia l  taught  in  the le c tu re s ^ .
( i i )  The marking o f the write-up can be used to provide feedback to
students about how well they are doing in the course. In a l l  the
courses evaluated the amount of feedback provided in th is  way was 
minimal, w ith the exception o f course VI, u n it  10/11 in which students 
had a viva at the end o f each experiment.
Students thought tha t they were not given enough information about
2
how well they were getting on in the course . In courses V and VI
many students would l ik e  to have been to ld  what grades they were
achieving in the courses and a few would have appreciated more 
detailed comments on where they were going wrong in the experiments. 
The data obtained in the evaluation o f course I I I  ind icate tha t 
students had l i t t l e  idea o f how the marks were allocated fo r  the 
experiments^.
The volume o f student c r i t ic is m  in th is  area indicates tha t improving 
feedback on write-ups could make a s ig n if ic a n t  cob tr ibu tion  to the 
educational effectiveness o f t ra d i t io n a l laboratory courses.
Students could be to ld  the d is t r ib u t io n  o f marks fo r  the experiments, 
where and why they had lo s t  marks and what th e i r  f in a l  mark was. 
Students would then have a basis fo r  systematically improving th e i r  
performance in the laboratory.
1 Course I I I ,  section 4 .4 .3 .2 .2 ; Course V, section 4 .6 .3 .2 .4 , 
Course VI, section 4 .7 .4 .5 .5 .
2 Course V, section 4 .6 .3 .2 .4 ; Course VI, section 4 .7 .4 .5 .5 .
3 Course I I I ,  section 4 .4 .3 .2 .5 .
( i i i )  The f in a l  purpose o f the write-up is  to provide a means fo r  
assessment and, with the exception o f course VI, assessment in a l l  
the courses evaluated was based exclus ive ly  on the write-up. In 
course I I I ,  however, some students questioned whether the write-up 
was a va lid  means o f assessing th e ir  p ractica l a b i l i t y .  I t  was 
f e l t  tha t students, who were poor at p ractica l work but good at 
w r i t in g  i t  up, could achieve a good mark. In add it ion , ' f id d l in g '  
o f resu lts  was so widespread tha t the v a l id i t y  o f using write-ups 
fo r  a s k i l l s  course is  called in to  question.
6.1.4.2 The organisation o f the laboratory course
This section examines some o f the e ffec ts  o f the general organisation 
o f a laboratory course on the students.
6.1.4.2.1 Rushing
I t  was noticed tha t in both courses V and VI tha t students were 
rushing during th e i r  time in the laboratory. I t  was expected tha t 
the e ffec ts  of rushing would be s im ila r  in both courses, but the 
fac t tha t the courses were organised in d i f fe re n t  ways lead to 
very d i f fe re n t  e ffec ts .
In course V^  the students were rushing in order to complete the 
practica l work early  so that they could spend more time rev is ing 
fo r  th e ir  exams at the end o f term.
In order to be able to work fas te r students prepared fo r  the p rac tica l 
work by reading each experiment in the laboratory manual before
1 Course V, sec t ion  4 . 6 . 3 . 2 . 1 . 1 .
coming in to  the laboratory. The students found that preparing in 
advance in th is  way helped them to plan and organise themselves in 
the laboratory. I t  also helped them to understand the experiments 
which in turn helped them to execute them more e f f ic ie n t ly .  The 
fa c t  tha t the students decided to rush thus had a benefic ia l e f fe c t  
on th e i r  understanding in the laboratory. Other factors which 
helped to improve th e i r  understanding were the fa c t  tha t some 
experiments were re lated to work already studied and the fa c t  tha t 
they worked in pa irs.
In course VI^ the students rushed because they had in s u f f ic ie n t  
time to do a l l  the experiments in the time allocated. In sp ite  
o f the fa c t tha t the students saw s im ila r  advantages in studying 
the ins tru c t io n  sheets before coming in to  the laboratory they were 
often unable to do th is  because the ins truc t ion  sheets were often 
not issued in advance. Students were not issued with new in s tru c t io n  
sheets u n t i l  they had had the previous experiment marked and there­
fore had to write-up each experiment as soon as they had done i t .
In course V students often l e f t  w rit ing -up  the experiments u n t i l  
about two weeks a f te r  they had done them in the laboratory.
The lack o f time in course VI and the in a b i l i t y  to prepare in advance 
meant tha t the students f e l t  tha t they had in s u f f ic ie n t  time to s i t  
down and study the sc r ip ts  thoroughly before they started. This 
led to students working mechanically, fo llow ing the in s tru c t io n  
sheets as a recipe.
1 Course V I ,  sec t ions  4 . 7 . 4 .5 .4  and 4 . 7 . 4 .5 .2 .
6 . 1 .4 .2 .2  Understanding
A student's understanding o f an experiment w h i ls t  he is  doing i t ,  
can have a considerable e f fe c t  on what he gains from i t .  The e ffec ts  
and causes o f understanding an experiment w h i ls t  i t  is  being performed 
in the laboratory are b r ie f ly  reviewed here.
I f  a student understands an experiment w h i ls t  he is  doing i t ,  he is  
more l i k e ly  to perceive the aims o f the experiment which in turn w i l l  
enable him to work system atically to achieve the aims o f the experiment 
The student is  be tter able to plan his work and therefore works fa s te r  
and more e f f ic ie n t ly .
I f  a student does not understand the experiment w h i ls t  he is  doing i t  
there is  a tendency to work mechanically, without th ink ing and to leave 
try in g  to understand the experiment u n t i l  he does the w r ite -u p ..
Factors which have been found to contribute to a good understanding 
of the experiment w h i ls t  i t  is  being done in the laboratory are:
( i )  Personal contact with s ta f f  and demonstrators (sections 4 .4 .3 .2 .3 .2  
4 .6 .3 .2 .3 .4 (2 ) ,  4 .7 .4 .2 .4 , 4.7.4.5.1 and 4 .7 .5 .2 .3 ) .
( i i )  Discussion with other students, p a r t ic u la r ly  when working in 
pairs (sections 4 .6 .3 .2 .3 .4 ( i ) and 4 .7 .4 .4 .2 .2 ) .
( i i i )  Reading ins tru c t io n  sheets beforehand (sections 4 .6 .3 .2 .1 .2 ,
4 .7 .5 .2 .3 .and 4 .7 .4 .5 .2 ) .
( i v )  Relevance to  work a l ready  s tud ied  (s ec t ion  4 . 6 . 3 . 2 . 1 . 2 ) .
(v) Workshops (section 4 .7 .4 .5 .3 ) .
( v i )  Calchem. (section 4 .6 .3 .2 .3 .3 ) .
Factors which have been found to lead to poor understanding are:
( i )  Lack o f time, caused by:
(a) too much content
(b) experimental d i f f i c u l t i e s  due to fa u l ty  equipment
(c) experimental d i f f i c u l t i e s  due to student errors (sections 
4 .6 .3 .2 .1 .2 , 4 .7 .4 .5 .4  and 4 .7 .5 .2 .2)
( i i )  In s u f f ic ie n t  theore tica l background, caused by::
(a) lack o f pre-knowledge (sections 4 .7 .4 .3 .5 , 4 .7 .5 .1 .7 , 4 .3 .3 .2 .4  
and 4 .4 .3 .2 .2)
(b) d i f f i c u l t  theore tica l work (section 4 .7 .4 .2 .6)
(c) lack o f relevance to the theory courses (section 4 .6 .3 .2 .1 .2  
and 4 .6 .3 .2 .2 .1 )
(d) too many new concepts (section 4 .7 .4 .2 .6)
( i i i )  Not knowing the purpose o f the experiment which can in turn be 
caused by poor understanding (sections 4 .4 .3 .2 .1 ( iv ) , 4.7.4.2.1 
and 4 .7 .5 .1 .7 ) .
Many o f the factors outlined above depend on how the laboratory course 
is  organised in te rn a l ly  and in re la t ion  to other parts o f the degree 
course.
6.1 .4 .2 .3  Ordering o f experiments
The two most widely used ways of ordering the experiments are
s e q u e n t i a l l y ,  where a l l  the s tudents  study the same experiment a t
approximately the same time and the 'c irc u s ' arrangement where
d i f fe re n t  students do d i f fe re n t  experiments at the same time. Many
courses use a combination o f the twcP. A few courses use the un it  
2system .
The advantages o f sequential courses are:
( i )  Students are able to get help from other students in the 
course.
( i i )  P.G. demonstrators are able to fa m il ia r is e  themselves with 
the course gradually and do not have to be fa m il ia r  with a l l  the 
experiments at the beginning o f the course, as would be required 
fo r  the 'c ircu s ' arrangement.
( i i i )  I t  is  easier to use group discussions and demonstrations and to ,  
in tegrate the theory and practica l courses.
The 'c irc u s ' arrangement is  usually used when there are constra in ts 
on the a v a i la b i l i t y  o f apparatus. For the same reason pairs are 
often used in the circus arrangement. Discussion with the partner 
helps to overcome the problems in the e a r l ie r  part o f the course, 
associated with other students, and sometimes demonstrators, being 
un fam ilia r with the experiments and unable to help them:.
1 Section 3.3.3.13.
2 Section 2.2 .4.2 .
3 Course V, section 4 .6 .3 .2 .3 .4  and Course VI, section 4 .7 .4 .4 .2 .2 .
The u n it  system is f le x ib le  and can use e ith e r the 'c i r c u s 1 or 
'sequen tia l ' arrangement, whichever seems most appropriate to the 
material being studied. The u n it  system has the advantages that 
i t  helps to pace the students because they have to complete the 
work by the end o f each u n it  and tha t i t  o ffe rs  more va r ie ty  than 
a conventional course, each u n it  being organised by a d i f fe re n t  
member o f s t a f f ^ .
6.2 Open or problem solving courses
This section is based on information obtained from the questionnaire 
survey described in Chapter 3, the l i te ra tu re  survey, p a r t ic u la r ly  
section 2 .2 .2 .2 .and the evaluations o f the courses b r ie f ly  
characterised below:
Type o f laboratory 
course
Description in 
section
Code
no
Type o f 
students
Subject
area
Open 4.2 I Chem.II Inorganic
Open 4.5 IV Chem.Eng.I Org+Inorg.
6.2.1 Aims
6 .2 .1 „1 Aims o f present laboratory courses 
In the survey questionnaire3 and in the l i te ra tu r e 2 s ta f f  indicated
1 Section 2.2.4.2
2 Section 2.2 .2 .2 .2
3 Section 3.3.2.3
tha t in addition to try in g  to achieve the aims emphasised in t ra d i t io n a l 
courses, open laboratory courses also emphasised problem solving through 
experimental work (area C) and a t t i tu d in a l  aims (area D).
The two open courses evaluated re f le c t  th is  widening in emphasis to 
include more aims in areas C and D. In course I the emphasis was on 
aims in areas B and C and with also some emphasis on area D. In 
course IV the emphasis was on areas C and E, with also some emphasis 
on B and D
The inclusion o f more aims in open courses implies tha t they must 
be more e f f ic ie n t  than t ra d i t io n a l courses in order to achieve more 
aims in the same time.
6.2.1.2 Aims o f ideal laboratory courses
S ta ff  and students in courses I and IV were on the whole s a t is f ie d  
tha t the aims o f the course were the r ig h t  ones.
6.2.2 Characteristics o f open or problem solving areas
Open courses have some common features:
(a) An open course contains open or problem solving experiments in 
which a problem is  posed and the student is  required to develop an 
appropriate experiment to solve the problem. For experiments to 
be open, there must be more than one possible way o f solving the
problem, although not necessarily more than one solu tion .
2(b) There, are three common ways o f organising open courses :
( i )  Courses which s ta r t  with t ra d i t io n a l experiments and then 
f in is h  with short open s ty le  experiments.
( i i )  Courses which consist o f open unstructured set experiments 
in which there is  some choice o f experiment.methods. Both 
courses I and IV f a l l  in to  th is  category.
( i i i )  Courses in which each student does one pro ject s ty le  
experiment, no more than a semester in length, which usually  is  
chosen from a number outlined by the s ta f f  each year.
6.2.3 Student reactions to open laboratory courses
6.2.3.1 Student involvement
The nature of open laboratory courses demands greater student 
involvement than t ra d i t io n a l ones. The students become a c t iv e ly  
involved in the planning.of experiments; they have to decide what 
to do.
Students l ik e  the greater sense o f involvement. They l ik e  being 
able to organise and choose th e i r  own experiments and as a re s u lt
3
f ind  open courses in te res ting  . They f in d  tha t the aims o f the
1 Survey questionnaire (appendix A3)
Section 2.2 .2 .2 .3
Course 1, section 4 .2 .3 .1 .2 ; Course IV, section 4.5.3.1.1
2 Section 2.2 .2 .2 .3
3 Section 2 .2 .2 .2 .4 , Course IV, section 4 .5 .3 .2 .3 , Course I ,  
section 4.2.3.2.1
courses are in close agreement with th e ir  perceptions o f the aims of 
an ideal course^.
The fa c t  tha t students have to plan and organise th e ir  own work in an 
open laboratory course means tha t they have to th ink about the 
experiments and understand what they are doing. This can mean tha t
they have to become more pos it ive  about re la t in g  the practica l work
2 3to theore tica l material , e.g. by studying the relevant l i te ra tu re  .
Nevertheless, students feel tha t i t  is  important fo r  the practica l
4
work to be re lated to the lecture courses .
One negative side e f fe c t  o f greater involvement is  tha t students may 
concentrate on th e i r  practica l work to the detriment o f other work .
6 .2.3.2 Coping with the open nature of courses
c
Although students enjoy the extra freedom tha t an open course involves , 
th is  does present problems. Some students f ind  the i n i t i a l  format 
confusing. Students therefore seek guidance from s ta f f  and demonstrators, 
making high demands on th e i r  time. A lte rn a t iv e ly ,  they may seek help 
from other students: In course I students usually discussed the
1 Section 6.2.1
2 Section 2 .2 .2 .2 .4 , Course IV, section 4 .5 .3 .2 .3 , Course I ,  section
4.2.3.2.1
3 Course I ,  section 4 .2 .3 .1 .2
4 Course I ,  section 4 .2 .3 .2 .1 , Course IV, section 4.5 .2.2 (aim 2)
5 Section 2 .2 .2 .2 .4
6 Course IV, section 4 .5 .3 .2 .3
a lte rna t ive  experimental methods that could be used with other 
students and often ended up by using a method tha t had already been 
used by other students^. In course IV the experimental planning 
was usually done by a process o f continual discussion w ith in  the
A
student groups .
Students can also have d i f f i c u l t i e s  in pacing themselves but th is
problem only appeared in course IV which consisted mainly o f one 
3
long experiment . When the experiments are shorter, as in course I ,  
i t  is  easier fo r  students to see how they are progressing through 
the course.
6.2.3.3 Students in groups^
The use o f groups in an open laboratory course can help students to 
cope with some o f the problems and uncerta inties associated with 
open practica l work and can help to re lieve  some o f the pressures 
on s ta f f  and demonstrators. Organising students in to  groups 
leg it im ises and encourages student discussion which takes place 
anyway in open courses, even when students are working in d iv id u a l ly .
Students usually work in groups in the fo llow ing way: The group
meets at the beginning o f the experiment, under the supervision o f 
a member o f s ta f f  and i t  is  decided what each student should do.
At the end o f the experiment the group meets again in order to
1 Course I ,  section 4 .2 .3 .2 .3
2 Course IV, section 4.5.3.1.3.1
3 Course IV, section 4.5 .3 .2 .3
4 Section 2 .2 .3 .2 ; Course IV, section 4 .5 .3 .2 .5
discuss the resu lts  and conclusions o f the experiments, a f te r  which 
the students w rite  an account o f th e i r  own work and tha t o f the group. 
Course IV was unusual in tha t no formal meeting took place at the 
end o f the experiment to discuss and co lla te  resu lts . Students 
therefore had considerable d i f f i c u l t y  in c o l la t in g  a l l  the data.
The main advantage o f using groups in an open course is  tha t i t  
promotes communication, discussion and consequent understanding. 
Students discuss how to do the experiment, reach jo in t  decisions 
and share successes and fa i lu re s  o f the experiments. Students 
are always able to consult one another i f  they need help.
In course IV and in B iersmith 's course (11), i t  is  reported tha t 
some students had d i f f i c u l t i e s  in working together in a group, 
although in course IV the e ff ic ie n cy  o f the groups increased as the 
course proceeded and the students needed less help from s ta f f  and 
demonstrators a f te r  the beginning o f the course.
6.2.4 Demands on s ta f f  and demonstrators
The teacher's ro le  in an open course is  d i f fe re n t  from his ro le  in 
a t ra d i t io n a l laboratory. He has to be ava ilab le to discuss 
students' plans with them and has to adopt a more consulta tive 
ro le which involves more, both in terms o f time and teaching s k i l l s  . 
The extra demands made on s ta f f  in an open course, mean tha t in 
order fo r  i t  to be successful, the s ta f f  must be prepared to become 
more involved in the course. For example, in course IV the s ta f f  
were very enthusiastic and managed to create an informal atmosphere
1 Sect ion 2 .2 . 2 .2 .3  and Course IV, sec t ion  4 . 5 . 3 .1 .3 . 2
in  which students could f r e e l y  discuss problems in  the course^.
The extra demands made on post-graduate demonstrators by open
courses in terms o f th e ir  pedagogical expertise can lead to
2
problems in open courses . P.G. demonstrators need to be both 
well acquainted with the content of the experiments and be able 
to help the students in the planning o f th e ir  experiments.
Richards (138) points out that the character and effectiveness o f 
an open course depends on the s ty le  and q u a l i ty  o f supervision. 
S ta f f  are gradually able to acquire the necessary pedagogical 
s k i l l s  over several years, but P.G. demonstrators are not. I f  
P„G. demonstrators are to be used in th is  type o f course, i t  is  
therefore essential to give them some kind o f t ra in in g .
A fu r th e r  problem with s ta f f in g  is tha t as well as requiring be tte r
q u a l i ty  supervision, open courses appear to  require lower student :
3
s ta f f  and demonstrator ra t io s . .
The need fo r  t ra in ing  o f P.G. demonstrators and fo r  low student: 
s ta f f  + demonstrator ra t ios  is  i l lu s t ra te d  in courses IV and I .
4
In course IV there was a low student: s ta f f  and demonstrator ra t io  
of 6:1 ( c . f .  the mean o f 8.8:1 fo r  open courses; section 3 .3 .3 .2 .1 ) 
and the two s ta f f  and one o f the P.G. demonstrators were well 
acquainted with the course and the teaching methods to be used.
1 Course IV, section 4.5 .3 .2 .6
2 Course I ,  section 4 .2 .3 .2 .2 ; Course IV, section 4 .5 .3 .2 .6 ;
section 2.2 .2.2 .3
3 Section 3.3.3.2.1
4 Course IV, sections 4.5.3.1 ( in troduction ) and 4 .5 .3 .1 .3 .2
Consequently, the course was very successful. In course I ,  however, 
when the course was o r ig in a l ly  evaluated in 1973/74 the student;: 
s ta f f  + demonstrator ra t io  was 10:1 and s ta f f  and demonstrators had 
in s u f f ic ie n t  time to cope with a l l  the students' problems. Two 
years la te r  the student : s ta f f  + demonstrator ra t io  had dropped to 
6:1 and the course was s taffed by the same s ta f f  and more experienced 
demonstrators. As a re su lt  the problems o f in s u f f ic ie n t  s ta f f  and 
demonstrator time had disappeared.
I t  was pointed out in section 6.1.1.2 tha t s ta f f  w o u ld ! ik e  to t r y  
to achieve aims in areas C and D which cannot be achieved by open 
courses. I t  appears tha t s ta f f in g  is  a major constra in t l im i t in g  
the use o f open courses fo r  achieving these aims. This emphasises 
the need to t ra in  P.G. demonstrators and therefore make best use o f 
the resources ava ilab le .
An a lte rn a t ive  way o f m it iga ting  the problem with s ta f f in g  is  to 
re lieve  the s ta f f  and demonstrators o f some o f th e i r  more routine 
teaching duties in the laboratory to leave them with more time to 
concentrate on guiding students through the open experiments.
6.2.5 Teaching practica l s k i l l s  and techniques in open 
laboratory courses
The nature o f open laboratory work means tha t students w i l l  be doing 
d i f fe re n t  experiments at d i f fe re n t  times from one another. In 
such a s itua t ion  i t  becomes d i f f i c u l t  to teach practica l s k i l l s  and 
techniques to the class as a whole and consequently less use is  made 
o f demonstrations (section 3 .3 .3 .3 ). The d i f f i c u l t i e s  o f using 
demonstrations when the students are not going to be using the s k i l l s
and techniques u n t i l  several days la te r ,  is i l lu s t ra te d  in course V l \  
where students said tha t they had d i f f i c u l t i e s  remembering d e ta i ls  o f 
the demonstrations. S im ila r d i f f i c u l t i e s  can be envisaged fo r  
lectures or tu to r ia ls  which run concurrently with the laboratory course.
This problem can be overcome in two ways:
(a) The course can be structured so tha t the class learns a l l  the 
necessary s k i l l s  and techniques before i t  s ta r ts  the open part o f 
the course.
One way o f doing th is  is  to allow students to do open experiments
only a f te r  they have lea rn t the s k i l l s  and techniques in the f i r s t
one or two years o f th e i r  degree course. A lte rn a t iv e ly ,  a laboratory
course can be structured so that students learn the necessary s k i l l s
in the f i r s t  part o f  the course which is  t ra d i t io n a l before s ta r t in g
2
the la te r ,  open part o f the course . Such a course s truc ture  means 
that the openness o f the course is constrained by the range o f s k i l l s  
which the students have lea rn t in the e a r l ie r  part o f the course.
Unit laboratories can be used in a s im ila r  way.
(b) A second way o f teaching practica l s k i l l s  and techniques in an 
open course is by ind iv idua lised learning techniques.
Two ind iv idual learning techniques cu rren tly  used in undergraduate
3 4chemistry laboratories are videotapes and tape-slides . Videotapes
1 Course VI, section 4.7 .4 .5 .3
2 Section 2.2 .2 .2 .3
3 Section 303„303
4 Reference (172); Chapter 5
have been found to be an e f fe c t ive  medium fo r  teaching practica l 
s k i l l s  and techniques and they incorporate the necessary features 
fo r  use in an open course: They save s ta f f  and demonstrator time
and enable students to learn practica l s k i l l s  when they need them.
The in tegra tion  o f learning s k i l l s  with the rest o f the open 
laboratory course means that some of the applications o f the s k i l l s  
become immediately apparent to the students.
6.2.6 Assessment
The fa c t tha t open courses are used to t r y  to achieve a wider 
va r ie ty  o f aims than t ra d i t io n a l courses makes assessing outcomes 
more d i f f i c u l t  With a wider va r ie ty  o f outcomes i t  is  more 
d i f f i c u l t  to reach a consensus view o f the weightings tha t should 
be given to the d i f fe re n t  outcomes. In addition to th is  many open 
courses are innovatory and therefore the aims of the courses may s t i l l  
be in a state of f lu x ,  as the course organisers explore the advantages 
and problems of a new s ty le  o f laboratory course.
In both courses I and IV students were assessed on the basis o f  th e ir  
write-ups. Students were, however, unsure what to  w r i t e \  In 
course I both s ta f f  and students agreed tha t the length o f the w r i te ­
ups was too long: Students tended to include everything tha t they
f e l t  might be expected.
Two methods were used in order to remove some o f the uncerta inty
2
associated with the w rite -up. In course I assessment schedules
1 Course IV, section 4 .5 .3 .2 .2 ; Course I ,  section 4 .2 .3 .2 .3
2 Course I ,  section 4.2 .3 .2 .3
were designed so tha t the marking was made more standard and in 
course IV^ an example write-up was given to students to study.
A fu r th e r  problem in assessing a wider va r ie ty  o f aims is  tha t 
a lte rna t ive  methods o f assessment have to be used. Aims in 
area A are concerned with understanding and i l lu s t r a t in g  theore tica l 
material and aims in area B with acquiring basic s k i l l s  needed fo r  
experimentation. Both the level o f understanding and the level 
o f competence reached in basic s k i l l s  can be assessed in d ire c t ly  
by the w rite-up. When aims in areas C and D are to be assessed 
th is  becomes more d i f f i c u l t  because aims in thses areas are 
concerned more with the process o f experimentation ra ther than 
the products.
A lte rna tive  methods o f assessing open courses in the l i te ra tu re  
are observation o f students at work in the laboratory and discussion 
of experiments woth students in oral sessions.
A f in a l  problem associated with the greater d iv e rs i ty  encountered 
in open courses, is  tha t i t  is  more d i f f i c u l t  fo r  P.G. demonstrators 
to assess the students. In course I s ta f f ,  students, and a P.G. 
demonstrator thought tha t the P.G. demonstrators did not know
3
enough about the practica l work to be marking the experiments . The 
system used in course VI, u n it  10/11 o f a l loca ting  one experiment 
to each P.G. demonstrator to prepare deta iled notes on the experiment 
might help to overcome th is  problem, but the basic problem is  one o f
1 Course IV, section 4.5 .3 .1 .5
2 Section 2 .2 .2 .2 .3
3 Course I ,  section 4.2 .3 .2 .2
the P.G. demonstrators being inadequately prepared fo r  th is  kind 
of course.
6.3 A comparison o f t ra d it io n a l and open courses
I t  is  apparent from the previous two sections that both t ra d i t io n a l 
and open courses can be d i f fe re n t  in character depending on how 
they are organised. There are, however, some c lear d ifferences 
between t ra d i t io n a l courses as a whole and open courses as a whole. 
These differences are summarised below:
( i )  The aims o f t ra d it io n a l courses are usually l im ited  to areas A 
and B and parts o f C. The aims o f open courses are usually  wider 
including areas A, B, C and D. S ta f f  and students appear to be 
more sa t is f ie d  with the wider range o f aims offered in open courses.
( i i )  Students have more opportunities to th ink fo r  themselves in 
open courseso This means tha t there are more uncerta in ties and 
p o s s ib i l i t ie s  o f making mistakes, but i t  also means tha t there is  
a greater sense o f achievement when students are successful.
Students are not able to t re a t an open course as a mechanical 
exercise which can be carried out w ithout th ink ing .
( i i i )  S ta ff ing  problems are accentuated in open courses. More s ta f f  
and demonstrators are needed and the leve ls o f expertise required, 
both in the subject matter and in teaching a b i l i t y ,  is  greater than 
in t ra d it io n a l courses.
( iv )  Teaching s k i l l s  is  easier fo r  t ra d it io n a l than fo r  open courses, 
t ra d it io n a l courses students can be taught s k i l l s  as iso la ted or
loosely linked exercises e ith e r  as a class or in a 'c ircus* 
arrangement. In open courses students must e ith e r be taught the 
s k i l l s  p r io r  to the open part o f the course or ind iv idua lised 
learning techniques must be used.
(v) Assessment is  more d i f f i c u l t  in open courses because o f the 
wider range o f a b i l i t ie s  being assessed.
6.4. A lte rna tive  laboratory styles
This section discusses the re la t ionsh ip  between d i f fe re n t  laboratory 
styles and the aims which they can be used to achieve.
6.4.1 D if fe ren t styles o f laboratory courses
The table below indicates the main areas o f emphasis o f the d i f fe re n t  
laboratory sty les discussed in th is  thesis.
TABLE 6.3
^ ^ ^ A i m s
L a b . ^ \ ^
courses A B : Cl C2 D E
(1) Trad itiona l / / /
(2) Open / ? / / /
(3) Project / / /
(4) Unit Any selection o f aims
(5) Audiotutoria l / ?
(6) Keller / /
(7) Self-serv ice / /
Key: The areas o f aims A, B, C, D and E have been described in section
1.2.1. Aims in area C have been subdivided in to :
Cl : Aims emphasising the planning o f experiments, i . e .  aims 10, 
11, 12, 13, 14, 15.
C2 : Aims concerned with data co llec t io n  and the in te rp re ta t io n  
and communication o f the data, i . e .  aims 16, 17, 18, 19, 20,
21, 22, 23, 30.
/  indicates the main area of emphasis.
? indicates tha t some emphasis may be placed on th is  area.
( i )  Courses fo r  aims in areas A and B.
Too l i t t l e  information is  ava ilab le about courses (5), (6) and (7) 
to be able to give more than a superf ic ia l comparison with t ra d i t io n a l 
courses (see section 2 .2 .4 ). Courses (6) and (7) are s im ila r  in 
essence to t ra d i t io n a l laboratory courses in tha t they depend on 
step-by-step ins truc t ions  and could therefore be eas ily  introduced 
to replace a l l  or part o f a t ra d i t io n a l course. The Ke lle r plan 
overcomes some o f the problems outlined fo r  t ra d i t io n a l courses 
because the objectives fo r  each u n it  are c le a r ly  stated and a 
certa in amount o f teacher-student in te rac tion  is  b u i l t  in to  the 
course in the form o f te s t - tu to r ia ls  at the end o f each u n i t .  
Se lf-serv ice experiments have s im ila r  advantages in tha t the 
objectives are stated and students get immediate feedback about 
th e i r  progress.
The a u d io - tu to r ia l appraoch o ffe rs  a way o f in tegra ting  theore tica l 
and practica l work by using ind iv idua l learning techniques and, 
therefore, emphasises aims in area A. The a u d io - tu to r ia l approach 
has not been reported in chemistry laboratory courses, although a 
laboratory course which integrates theore tica l and practica l work 
by using a wider range o f teaching and learning methods as described 
in section 3 .3 .3 0202„
( i i )  Courses fo r  aims in areas A, B, C and D.
Both open courses and projects can be used to achieve aims in these 
areas, but constra ints o f s ta f f in g  usually preclude the use o f th is  
type o f course when the aims are mainly l im ited  to areas A and B.
( i i i )  Courses fo r  a selection of aims.
Many of the courses described in the survey in Chapter 3 comprised 
mainly t ra d it io n a l experiments, but included some open experiments. 
This type o f course has the advantage tha t i t  o ffe rs  students some 
open experiments but makes more l im ited  demands on the resources o f 
the department than open courses. I t  also enables s ta f f  to 
gradually acquire the necessary teaching experience fo r  an open 
course„
The u n it  system o ffe rs  more f l e x i b i l i t y .  D iffe ren t un its  could 
include any o f the laboratory sty les described e a r l ie r  and could 
therefore be used to achieve a wide va r ie ty  o f aims by o ffe r in g  
students va r ie ty  both in content and in teaching and learning s ty les .
6.5 A summary o f methods available fo r  improving the effectiveness 
o f laboratory courses
Within the d i f fe re n t  laboratory sty les outlined .in section 6 .4 , a
var ie ty  o f d i f fe re n t  methods o f organisation and d i f fe re n t
ins truc t ion a l materials has been encountered during th is  research 
study.
This section describes how some of these d i f fe re n t  approaches may be
applied to solving the problems ou tlined above.
The problem of improving laboratory ins truc t ion  may be tackled in 
two ways:
( i )  Improving the q u a l i ty  o f teaching in the laboratory courses.
( i i )  Reorganising the laboratory courses so as to o f fe r  a lte rna t ive  
ways o f teaching and learning.
6.5.1 Improving the q u a l i ty  o f teaching
A central problem in both t ra d it io n a l and open courses is  tha t P.G. 
demonstrators do not have adequate knowledge about the courses and 
do not have the appropriate teaching s k i l l s .  They are therefore 
unable to give the students the help they need. This points to 
the need fo r  some kind of t ra in in g  fo r  P.G. demonstrators.
Very l i t t l e  work has been reported in the l i te ra tu re  about the 
tra in in g  o f P.G. demonstrators fo r  th e i r  ro le in the laboratory.
In 1972 Brooks e t al (23) described a short course fo r  laboratory 
demonstrators and more recently  Davies (37A) has described the use 
o f notes to help P.G. demonstrators in the laboratory.
The two approaches to the tra in ing  o f P.G. demonstrators concentrate 
on d i f fe re n t  aspects of th e ir  teaching ro le . A course such as tha t 
o f Brook et al concentrates on improving teaching s k i l l s  and could 
therefore be organised interdepartmenta lly, whereas Davies' approach 
is more concerned with the more p ractica l de ta i ls  o f how to achieve 
the aims of a p a r t ic u la r  laboratory course and must therefore be 
organised departmentally.
The course of Brooks et al contains methods commonly used in teacher 
t ra in in g ,  such as microteaching, videotapes o f laboratory s itua tions  
followed by in te rac t io n  analysis and practica l comments on how to 
deal with students in  a laboratory s i tu a t io n .
Davies' notes concentrate on the day-to-day teaching in the laboratory. 
They include student handouts, aims o f the laboratory and o f ind iv idual 
experiments, p ractica l de ta ils  fo r  carrying out the experiments, such 
as common p i t f a l l s  and necessary precautions, theore tica l reminders 
and references, and organisational d e ta i ls ,  schedules and timetables. 
The notes are f a i r l y  short, about 1 page per day in the laboratory, 
so that they form a guide fo r  demonstrators but do not t e l l  them 
exactly what to do. I t  is  emphasised tha t the notes alone are 
in s u f f ic ie n t  help fo r  the P.G. demonstrators, but tha t they form a 
useful basis fo r  day-to-day discussions between demonstrators and 
s ta f f  o f the problems encountered in the laboratory.
The use o f notes has the advantage over a course in  tha t they 
concentrate on the immediate practica l aspects o f the teaching and 
learning s itua t ion  and therefore have an immediate impact on 
student learning. A course, in concentrating on teaching s k i l l s ,  
s t i l l  leaves the demonstrator w ith the task o f applying his teaching 
s k i l l s  in a laboratory course whose aims and content may not be c lear 
to him.
An a lte rna t ive  to notes, which is  discussed by Davies, is  to allow 
P.G. demonstrators to do some of the experiments in advance o f the 
students, but he points out tha t th is  is  time consuming and would 
not necessarily o r ienta te  the P.G. demonstrators to the main teaching 
points o f the experiments.
6.5.2 A lte rna tive  methods o f organisation and a lte rn a t ive  
resources
The most common form o f ins tru c t io n  in the laboratory, apart from 
in s tru c t io n  sheets, is ind iv idua l contact between s ta f f  or L 
demonstrators and students. The e f f ic ie n cy  o f many laboratories 
could be increased by increasing the amount o f formal s ta f f /  
demonstrator to student contact and teaching students in  groups 
instead o f repeating the teaching over and over again with 
ind iv idua ls . Ways o f doing th is ,  reported e a r l ie r ,  are short 
ta lks  or discussions before each experiment and demonstrations or 
workshops as in course VI.
Establishing more formal ins truc t ion  implies a greater degree o f 
organisation in the laboratory, but does ensure tha t a l l  the students 
benefit from the teaching o f s ta f f  and demonstrators.
The use o f such formal ins tru c t io n  is ,  however, l im ited  to those 
courses where students do the experiments in  the same order. I f  
the students do the experiments in  a d i f fe re n t  order from one an­
other some form o f ind iv idua lised in s tru c t io n  is  needed, such as 
videotapes, tape-slides or computers.
Audio-visual materials are unresponsive and therefore can only be 
used to replace ins truc t ion a l ra ther than tu to r ia l  aspects o f  the 
s ta f f  and demonstrators1 ro le , such as introducing an experiment 
or teaching basic p ractica l s k i l l s  and techniques. This research 
has shown tha t they have the advantages tha t they save s ta f f  and 
demonstrator time, th e i r  q u a l i ty  is  eas ily  con tro l led , and they 
can be viewed when and as many times as needed. The main cons tra in t
to th e i r  use in  the laboratory is  the time and cost of incorporating 
them in to  a laboratory course. This research has shown tha t video­
tapes prepared in one in s t i tu t io n  can be used in another, and so i t  
may often be possible to use videotapes prepared in other in s t i tu t io n s  
and so save the time involved in making them.
Computer programmes have been w rit te n  tha t are responsive to students' 
needs and can, therefore , replace some o f the tu to r ia l  aspects o f the 
s ta f f  and demonstrators' ro le . They may be used to guide students 
in planning and evaluating experiments, in problem solving and in 
helping students to revise and understand the theory o f the experiments. 
The use o f computers in  the laboratory has been found to encourage 
discussion, thought and consequent learning and has enabled some 
aims in area C re lated to planning experiments and in te rp re t in g  
experimental data to be achieved w ith in  the context o f t ra d i t io n a l  
courses.
One resource which is  often neglected in the laboratory is  the 
students themselves. Students usually only work in pairs when there 
is  in s u f f ic ie n t  apparatus fo r  students to work in d iv id u a l ly  and 
groups are ra re ly  used. This research has shown, however, tha t 
students can learn a lo t  from one another when they work in  pairs 
or groups.
Students found working in pairs p a r t ic u la r ly  helpful in understanding 
the practica l work and fo r  working out and in te rp re t ing  re su lts .
Working in pairs is therefore advantageous in courses emphasising 
aims in area A, but where more importance is  attached to developing 
psychomotor s k i l l s  (area B) working in pairs is  less advantageous.
Many of the aims in area C ( i . e .  those emphasising the planning of 
experiments) involve students in problem solving and decision making. 
In order to be able to cope with th is  open s itua t ion  students need 
to be able to discuss the problems with other people. When pairs 
or groups are used, students are able to discuss problems with other 
students and therefore re ly  less on s ta f f  and demonstrators.
In both t ra d i t io n a l and open courses the use o f pairs or groups can 
promote the achievement o f aims in  area E, i f  th is  is  desired.
Using students' to help one another appears to have the advantage 
tha t no extra cost is  involved. I t  i s ,  however, often d i f f i c u l t  
to p red ic t the e ffec ts  o f changing one fac to r  in  the educational 
environment and using pairs or groups may lead to unexpected 
resu lts  in other areas. I t  is  possible tha t the in troduction  
of pairs or groups may make more demands on the teaching s k i l l s  o f 
s ta f f  and demonstrators. This did not appear to be the case in 
the courses studied in which pairs were used, but when groups were 
used in course IV the need to t ra in  s ta f f  and demonstrators, in 
some aspects o f using small groups in the laboratory, became c lea r. 
Another possible e f fe c t  o f the use o f pairs or groups is  tha t 
experiments may have to be redesigned to make them suitab le  fo r  
pairs or groups.
A f in a l  area fo r  improvement is  in the organisation o f experiments 
in t ra d i t io n a l courses so tha t the students' time in the laboratory 
is spent more e f fe c t iv e ly .
This research has shown tha t a tten tion  to d e ta i l  in the organisation
of experiments is  important. Seemingly in s ig n i f ic a n t  problems in 
the running and organisation o f experiments can have a s ig n if ic a n t  
e f fe c t  on the^achievement o f educational aims, especia lly  when 
linked with other seemingly in s ig n i f ic a n t  problems. This is  
exemplified by the tendency o f students to work mechanically, 
without th in k ing , in t ra d i t io n a l courses. Many factors contribute 
towards th is  tendency (section 6 .1 .4 .1 .2 ) and below is  a l i s t  of 
points which can help to prevent th is  tendency:
( i )  Giving out ins tru c t io n  sheets before the day o f the p ractica l 
so tha t students can study the experiment before coming in to  the 
laboratory.
( i i )  Stating the aims o f the course and ind iv idua l experiments.
( i i i )  Relating the experiments to other parts o f the course 
where ever possible and pointing out these re la tionships to the 
students.
( iv )  Making sure tha t the level o f the experiments is  such tha t 
students are able to understand them and have covered the theore tica l 
work necessary fo r  the experiment.
(v) Ensuring tha t the course is  not overloaded so tha t the students 
have s u f f ic ie n t  time to stop and th ink about the experiments which 
they are doing.
(v i)  E lim inating experimental d i f f i c u l t i e s  and problems unless 
c re d it  is  given fo r  solving these problems.
( v i i )  Supplying feedback to  students about how well they have done 
the experiments and how they could improve th e i r  work.
( v i i i )  Adopting simple formative evaluation procedures, such as 
the use o f feedback sheets or short end course questionnaires, in 
order to detect problems of the organisation o f experiments.
Most of the points above would involve the s ta f f  in adopting a 
more systematic approach to th e i r  teaching and would involve 
l i t t l e  reorganisation of resources.
The f i r s t  po in t, however, precludes the p o s s ib i l i ty  o f making 
students write-up experiments before giv ing them the in s tru c t io n  
sheets fo r  the next experiment and could therefore lead to 
problems in persuading the students to write-up experiments 
immediately.
Point ( v i i )  would involve s ta f f  and demonstrators in spending 
more time ta lk ing  to students about how they had done the 
experiments. Since th is  does not normally occur where such 
discussions are in form al, i t  appears necessary to set up some 
sort o f formal discussions between staff/demonstrators and 
students, such as vivas as in course VI, which makes the discussions 
compulsory by including them in the assessment o f the experiments.
6.6 Areas fo r  fu ture  research
In th is  section p o s s ib i l i t ie s  fo r  fu ture research a r is ing  out o f 
the find ings of th is  research study are discussed.
This research started as an attempt to re la te  d i f fe re n t  groups of aims 
to d i f fe re n t  laboratory s ty le s , but due to constraints o f time, had 
to concentrate on only three laboratory s ty les ; t ra d it io n a l labora to r ies , 
open laboratories and u n it  labora tories. A number o f laboratory sty les 
are as ye t unexplored in  any depth and fu ture research could concentrate 
on evaluating th e i r  advantages and disadvantages.
A number o f  parameters w ith in  the d i f fe re n t  laboratory sty les have 
been investigated, such as the use o f pairs and the use o f videotapes, 
but fu r th e r  research needs to be done in some areas. The study of 
students working in groups in course IV suggests a great deal o f 
po tentia l in th is  mode of working and fu r th e r  work needs to be done 
in th is  area in order to make th is  a more e ffe c t ive  method o f 
learning. Aspects o f small group learning which remain unexplored 
by th is  study are the type o f experiments tha t can be used with small 
groups, how the groups are best organised in te rn a l ly  and the t ra in in g  
of s ta f f  and demonstrators in small group teaching.
Another parameter tha t has not been investigated is the in teg ra tion  
o f theory and practica l courses. Only a few courses appear to  have 
achieved complete in te g ra tion , e ith e r  by ra d ic a l ly  re tim etab ling the 
courses or by using a very wide va r ie ty  o f teaching and learning 
methods. An evaluation o f such courses would provide in s ig h t as to 
the problems and advantages o f se tt ing  up such courses and whether 
more in teg ra tion  could be achieved in more conventional courses.
Many of the problems which are outlined in the course evaluations 
in Chapter 4 are simple organisational problems and once the course 
organisers were made aware o f them were easy to eradicate.
Future work could investigate possible ways o f providing feedback about
courses to course organisers. Knipe (87) has reported the use of 
feedback sheets in his laboratory courses. Bridge (20A), however, 
has described the use of a va r ie ty  of evaluative techniques by 
teachers and such methods of se lf-eva lua tion  may be applicable by 
laboratory course organisers.
A f in a l  and very important area fo r  fu ture research is  the 
development o f P.G. demonstrator t ra in in g .  The inadequacy of 
P.G. demonstrators to f u l f i l  th e i r  ro le  in the laboratory is  a 
recurring theme throughout th is  research. This research has 
concentrated on student learning. Future work could concentrate 
on the needs o f P.G. demonstrators in the laboratory and the e ffec ts  
o f P.G. demonstrator t ra in in g  on student learning in the labora tory. 
Two possible areas fo r  fu ture  development have been outlined in 
section 6.5 .1. They are courses fo r  developing teaching s k i l l s  
and the use of notes fo r  in-serv ice t ra in in g .
In conclusion, i t  should be said tha t improvement o f education in 
the laboratory depends on the status accorded to laboratory teaching 
by members of s ta f f .  As long as laboratory teaching continues to 
be the Cinderella in the academic fam ily  (79), being accorded less 
status than research and lec tu res, improvement in the standard o f 
education in the laboratory w i l l  be slow. Improvement depends on 
the systematic analysis o f the laboratory s itu a t io n  and the systematic 
t r i a l  o f the methods tha t are available fo r  use in the laboratory 
and as such depends on the involvement and commitment o f members 
of s ta f f .
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Guildford Surrey GU2 5XH T  0483 71281 Telex 859331
Institute for Educational Technology
JRW/GES February 1975
Dear
The Improvement o f Learning in Chemistry Laboratories
The In s t i tu te  fo r  Educational Technology and the Chemistry Department 
at the Univers ity  o f Surrey are undertaking a study in to  the 
effectiveness o f laboratory work in the education o f chemists. As part 
o f th is  work, i t  is  hoped to ascertain d e ta i ls  o f any recent changes in  
the pattern o f laboratory work in degree courses in chemistry.
We would, therefore , be very gratefu l i f  you could f ind  time to o u t l in e  
any changes or developments in the approach to laboratory work which 
have taken place in your department in the la s t  few years.
We would also l ik e  to send a questionnaire about the aims o f laboratory 
courses in chemistry to the members o f s ta f f  who organise laboratory 
courses, and would be gra te fu l i f  you could le t  us know whether your 
s ta f f  would be w i l l in g  to complete such a questionnaire, which would 
take about 20 to 30 minutes to deal w ith . I f  you feel they would be, 
could you please send us a l i s t  o f the members o f s ta f f  to whom we 
should post a questionnaire?
Perhaps you w i l l  be kind enough to reply to J.R. Watson?
Yours s incere ly ,
Dr. R.A. SCHULZ 
Chemistry Department.
Professor L.R.B. ELTON. J.R. WATSON.
In s t i tu te  fo r  Educational Technology
Guildford Surrey GU2 5XH T  0483 71281 Telex 859331
Institute for Educational Technology 
24th March 1975
Dear
In the past few years a large amount o f information regarding what goes on 
in undergraduate physics and engineering laboratories has been collected 
through surveys, e.g. Chambers1 and Lee2. With the exception o f some 
interview work carried out by T rem lett3, there appears to be no s im ila r  
information at present in chemistry and th is  work is  designed to f i l l  
th is  gap.
The In s t i tu te  fo r  Educational Technology and the Chemistry Department at 
the Univers ity  o f Surrey are undertaking a study in to  the effectiveness o f 
laboratory work in the education o f chemists. In p a r t ic u la r  we are 
studying recent changes or developments in chemistry laboratory teaching 
and learning, and the re la tionsh ips between d i f fe re n t  groups o f aims and 
the types o f courses being used to achieve them.
We have recently  sent a le t te r  to the head of your department to enquire 
about any changes or developments which have taken place in your 
department in the la s t  few years. We also asked him i f  he could le t  us 
know which members o f the chemistry s ta f f ,  who organise laboratory 
courses, might be w i l l in g  to answer a questionnaire on laboratory work.
In his reply he gave us your name.
We would be gratefu l i f  you could f ind  time to complete the enclosed 
questionnaire with respect to the laboratory course which you organise.
The Questionnaire should take about 20 to 30 minutes to complete.
Perhaps you w i l l  be kind enough to reply to J.R. Watson.
Yours s incere ly ,
Dr. R.A. Schulz Prof. L.R.B. Elton & J.R. Watson
Department o f Chemistry In s t i tu te  fo r  Educational Technology
References:
1 R.G. Chambers 'Laboratory Teaching in the UK', New Trends in  Physics 
Teaching, Vol 2, UNESCO, (1972).
2 L.S. Lee'Towards a C lass if ica t io n  o f the Objectives of Undergraduate 
Work in  Mechanical Engineering', Thesis fo r  Masters Degree, U n ive rs ity  
o f Lancaster, (1969).
3 R. Tremlett 'An Investiga tion in to  the Developments o f a Programme o f 
Practical Work fo r  Undergraduates in Chemistry', Ph.D. Thesis, 
Univers ity  of East Anglia, (1972).
Guildford Surrey GU2 5XH T  0483 71281 Telex 859331
Institute for Educational Technology 
24th March 1975
Dear
In the past few years a large amount o f information regarding what goes on 
in undergraduate physics and engineering laboratories has been co llected 
through surveys, e.g. Chambers1 and Lee2. With the exception o f some 
interview work carried out by T rem lett3 there appears to be no s im ila r  
information at present in chemistry and th is  work is designed to f i l l  th is  
gap.
The In s t i tu te  fo r  Educational Technology and the Chemistry Department a t 
the U nivers ity  o f Surrey are undertaking a study in to  the effectiveness o f 
laboratory work in the education o f chemists. In p a r t ic u la r  we are 
studying recent changes or developments in chemistry laboratory teaching 
and learn ing, and the re la tionships between d i f fe re n t  groups o f aims and 
the types of courses being used to achieve them.
We have recently sent a le t t e r  to the head o f your departments to enquire 
about any changes or developments which have taken place in  your 
department in the la s t  few years. We also asked him i f  he could le t  us 
know which members of the chemistry s ta f f ,  who organise laboratory 
courses, might be w i l l in g  to answer a questionnaire on laboratory work.
In his reply he gave us your name.
We would be gratefu l i f  you could f in d  time
(1) to ou tl ine  any changes or developments which have taken place in 
the laboratory course which you organise, in  the la s t  few years.
and
(2) to complete the enclosed questionnaire with respect to the laboratory 
laboratory course which you organise. The questionnaire should
take about 20 - 30 minutes to complete.
Perhaps you w i l l  be kind enough to reply to J.R. Watson.
Yours s incere ly ,
Dr. R.A. Schulz Prof. L.R.B. Elton J.R. Watson
Chemistry Department In s t i tu te  fo r  Educational Technology
References:
1 R.G. Chambers 'Laboratory Teaching in  the UK', New Trends in  Physics 
Teching, Vol. 2, UNESCO, (1972).
2 L.S. Lee 'Towards a C lass if ica t io n  o f the Objectives o f Undergraduate 
Work in Mechanical Engineering', Thesis fo r  Masters Degree, U n ivers ity  
o f Lancaster, 1969.
3. R. Tremlett 'An Investiga tion in to  the Development o f a Programme o f 
Practical Work fo r  Undergraduates in Chemistry', Ph.D. Thesis, 
U nivers ity  of E. Anglia, 1972.
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Guildford Surrey GU2 5XH T  0483 71281 Telex 859331
Institute for Educational TechnologyO  j
JRW/GES , May 1975
Dear
Last term we sent you a copy o f the enclosed le t t e r ,  and so fa r  
we have not had a rep ly .
We would be gra te fu l i f  you could f ind  time to reply to i t ,  but 
i f  you feel tha t you do not have time to rep ly , could you please 
pass i t  one to a member o f your s ta f f  who you feel would be 
interested in  th is  survey?
We would l ik e  to encourage you to pa rt ic ipa te  in  the survey 
because i t  covers such a large va r ie ty  o f courses, both in 
content and in teaching and learning s ty les , tha t each questionnaire 
is  important i f  a representative p icture of what goes on in  chemistry 
laboratories is  to be b u i l t  up.
Yours s incere ly ,
Dr. R.A. SCHULZ 
Department o f Chemistry
Prof. L.R.B. ELTON J.R. WATSON
In s t i tu te  fo r  Educational Technology
U N I V E R S I T Y  OF  S U R R E Y
Department of Chemistry In s t i tu te  fo r  Educational Technology
The Improvement of Learning in Chemistry Laboratories.
We would be gra te fu l fo r  your help in completing th is  questionnaire with 
respect to the chemistry laboratory course which you organise.
We assure you tha t any information which you give us by answering th is  
questionnaire w i l l  be treated c o n f id e n t ia l ly  and w i l l  not be used in  
any way tha t would id e n t i fy  you or your in s t i t u t io n ,  w ithout your 
permission.
Dr. R.A. Schulz Prof. L.R.B. Elton J.R. Watson
Department o f Chemistry In s t i tu te  fo r  Educational Technology
NAME :
NAME OF INSTITUTION :
SECTION A Deta ils o f Laboratory Course
Could you please answer the questions by t ic k in g  or c i r c l in g  the 
responses as appropriate:
Note on Project Work - I f  you are concerned with the organisation o f 
pro ject work rather than laboratory courses, please answer questions 
1, 2, 3, 4, 5, 14 and 15 only in th is  section of the questionnaire.
1. Is the course taken by
(a) Chemists | |
(b) Others (please specify) [ [
2. What is  the subject o f the p ractica l course?
(a) Inorganic
(b) Organic
(c) Physical
(d) Other (please specify)
I I 
□  
□  n
3. Tn which year  i s  the course taken? 1 2  3 4
4. How many weeks does the course la s t?
5. How many hourse do the students attend th is  laboratory course 
per week?
6. How many experiments are the students expected to complete 
during the course?
7. Approximately how many students attend each laboratory class o f 
the course?
8. How many post-graduate demonstrators attend each laboratory class 
o f the course at any one time?
9. How many s ta f f  attend each laboratory class o f the course a t any 
one time?
10. Does each student do each experiment at approximately the same time 
as other students, or do d i f fe re n t  students do d i f fe re n t  experiments 
a t the same time? ( t ic k  appropriate box)
(a) Students do the same experiments a t approximately 
the same time
(b) D if fe re n t students do d i f fe re n t  experiments at 
the same time
□
□
(c) Students do a mixture o f (a) and (b) | [
11. Below is  a l i s t  o f d i f fe re n t  ways o f learning tha t are a u x i l ia ry  
to the actual p ractica l work. Please rate each way o f learning 
on the scale according to i t s  importance in  the course:
1 = Not important 5 = Very important
Not Very
Important Important
(a) Practica l demonstrations to a l l ,  or a
large part o f the class, by s ta f f  or 1 2  3 4 5
postgraduate demonstrators.
(b) Ins truc tion  sheets. 1 2  3 4 5
(c) Ind iv idual in s tru c t io n  by postgraduate
demonstrators, given to the students 1 2  3 4 5
when required.
(d) Ind iv idual in s tru c t io n  by the s ta f f ,  1 2  3 4 5
given to the student when required.
(e) Help given by one student to another. 1 2  3 4 5
( f )  Text books or pe riod ica ls . 1 2  3 4 5
(g) Video-tapes. 1 2 3 4 5
(h) Tape-slides. 1 2 3 4 5
( i )  Other (Please specify) 1 2  3 4 5
( j )  Other (Please specify) 1 2 3 4 5
Approximately what percentage o f the postgraduate demonstrators' 
time in the laboratory is  spent marking p ractica l books?
0 20 40 60 80 100 %
Approximately what percentage ofthe s ta f f  time in the laboratory 
is  spent marking p rac tica l books?
0 20 40 60 80 100 %
Please t ic k  those o f the fo llow ing descriptions tha t are 
appropriate to your laboratory course. You may f ind  tha t more 
than one descrip tion applies to your course.
(a) Trad itiona l course
A tra d i t io n a l course is one in which the 
students is  expected to carry out the experiments 
in a predetermined way. The experiments contain 
step-by-step ins truc tions  on how to perform the 
experiment.
(b) A course o f 'open' or problem-solving experiments
In open experiments a problem is posed and the 
student is  required to develop an appropriate r
experiment to solve the problem. For the experiment 
to be open, there must be more than one possible way 
o f solving the problem, although not necessarily 
more than one so lu tion . Obviously the degree o f 
'openness' can vary considerably.
(c) Projects
A pro jec t is  an investiga tion  by a student o f a 
problem. The student may have taken part in the •-
formulation o f the problem. He chooses the experi­
mental methods to be used and may reach one o f a 
number o f conclusions. A p ro jec t is  usually super­
vised personally by one member o f s ta f f  and with 
i t s  greater student involvement normally las ts  
several weeks or longer.
(d) A course where students work in  pairs
( i )  Students perform s im ila r  experiments and pool 
th e i r  re su lts .
( i i )  Students perform the same experiment as a 
pa ir .
(e) A course invo lv ing group work ( i . e .  3 or more
students per group) —
Students perform s im ila r  experiments and pool 
th e ir  resu lts .
( f )  An in te g ra te d  la b o ra to ry  and le c tu re  course
The laboratory and lecture course are planned 
as a u n it  in which the lecture and laboratory 
classes are used as seems appropriate. .(This 
does not re fe r to experiments which are 
designed a f te r  the lecture course to i l l u s t r a te  
spec if ic  points in the lecture course.)
(g) Other
Please give a b r ie f  desciption:
(h) I f  you have ticked more than one o f the above, could you 
b r ie f ly  comment on the balance between them:
Please add any other comments tha t you feel are necessary to 
describe your laboratory course.
SECTION B
AIMS OF LABORATORY COURSE
The fo llow ing is  a l i s t  o f possible aims fo r  a chemistry laboratory course 
Please rate each aim on each of the two scales. On the f i r s t  scale please 
rate the aim depending on how important you th ink i t  ac tua lly  i_s in  th is  
course ( i . e .  give your idea o f the aims of the present course)”  On the 
second scale please rate the aim on the scale depending on how important 
you th ink i t  should be in th is  course ( i . e .  give your idea o f the aims o f 
an ideal course).
Use the scale from 1 (not an aim) to 5 (a very important aim).
1 = not an aim
5 = a very important aim
Present
Course
1. To teach material not included in lectures 
and tu to r ia ls
2. To i l lu s t r a te  material taught in lectures 
and tu to r ia ls
3. To demonstrate tha t chemistry is  an 
empirical science
4. To demonstrate tha t chemistry is  a useful 
science
5. To study a small area o f chemistry in 
depth
6. To teach basic practica l s k i l l s  (e.g. 
manipulative and preparative s k i l l s  and 
techniques)
7. To fa m il ia r is e  students with some 
important instruments and devices
8. To t ra in  students in observation
9. To make students aware o f spec if ic  hazards
in experimental chemistry and to teach 
them to take the necessary safety 
precautions
10. To simulate conditions in research and 
development laboratories
11. To develop students' s k i l l  in problem­
solving by experimental work
12. To t ra in  students in experimental design
13. To develop students' a b i l i t y  to recognise
problems which can be solved through 
experimental chemistry
14. To develop students' a b i l i t y  in  making 
hypotheses
15. To develop students' a b i l i t y  in  selecting 
techniques, procedures or apparatus 
appropriate fo r  a p a r t icu la r  experiment
Your Ideal 
Course
2 3 4 5  1 2 3 4 5
2 3 4 5  1 2 3 4 5
2 3  4' 5 1 2 3 4 5
2 3 4 5  1 2 3 4 5
2 3 4 5  1 2 - 3 4 5
2 3 4 5  1 2 3 4 5
2 3 4 5  1 2 3 4 5
2 3 4 5  1 2 3 4 5
2 3 4 5  1 2 3 4 5
2 3 4 5  1 2 3 4 5
2 3 4 5  1 2 3 4 5
2 3 4 5  1 2 3 4 5
2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 = not an aim 
5 = a very important aim
Present
Course
Your Ideal
Course
16. To develop students' a b i l i t y  to make a 
c r i t i c a l  assessment o f the methods used 
to obtain experimental data
17. To teach a log ica l and methodical way
o f working in a chemistry laboratory
18. To t ra in  students in keeping a day-to- 
day laboratory notebook
19. To develop students' a b i l i t y  to make
deductions from experimental data and 
to in te rp re t  experimental data
20. To develop students' a b i l i t y  in accepting 
or re jec t ing  a hypothesis
21. To develop students' a b i l i t y  in 
estimating the size and s ign if icance of 
errors
22. To t ra in  students in w r it in g  reports on 
experiments
23. To develop students' a b i l i t y  to
communicate resu lts  o ra l ly  (e.g. in 
seminars and discussions)
24. To provide the students with a stimulus 
fo r  independent th inking
25. To encourage in i t i a t i v e  and 
resourcefulness in the students
26. To stimulate and maintain students' 
in te re s t  in chemistry
27. To encourage perseverance in
experimental chemistry
28. To develop honesty and s c ie n t i f ic
in te g r i ty
29. To develop open-mindedness and
f l e x i b i l i t y  o f a t t i tu d e  (.e .g  w i l l in g ­
ness to consider new facts)
30. To t ra in  students in extracting
information from the l i te ra tu re  
(including tra in in g  in the use o f the 
1ibra ry)
31. To provide closer contacts between
students and academic s ta f f
32. To provide closer contacts between
students w ith in  the course
33. To develop students' s k i l l  in working
and co-operating with others in a team
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3  4 5 1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5 1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5 1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
SECTION C
RECENT CHANGES OR DEVELOPMENTS IN YOUR COURSE
Could you please ou tl ine  any changes or developments which have taken 
place in the laboratory course which you organise, in the la s t  few 
years?
CHAMBERS LIST OF AIMS (REF. 30)
1. To fos te r ' c r i t i c a l  awareness' (e.g. the extraction  o f 
a l l  information from the data; avoidance of systematic 
e rro rs ) .
2. To stimulate and maintain the students' in te re s t in 
physics.
3. To fa m il ia r is e  the students with important instruments, 
devices and techniques (e.g. C.R.O., tra n s is to rs ,  vacuum 
techniques).
4. To t ra in  them in handling data.
5. To t ra in  them in w r i t in g  reports on experiments.
6. To t ra in  them in keeping a day-to-day lab notebook.
7. To enable s ta f f  and students to meet and ta lk  in fo rm a lly .
8. To i l lu s t r a te  and drive home material taught in lectures.
9. To t ra in  in  simple aspects o f experimental design.
10. To teach some ' th e o re t ic a l '  material not included in the
lec tu res .
11. To impart manipulative s k i l l s  (e.g. soldering, glasswork).
TREMLETTS LIST OF AIMS (REF. 168)
1. Develop manipulative, preparative and instrumental s k i l l s .
2. I l lu s t r a te  and amplify the lecture materia l.
3. Stimulate thought through experimental in te rp re ta t io n .
4. Recognise the precision and l im ita t io n s  of laboratory 
work.
5. Record accurately and communicate resu lts  c le a r ly .
6. Plan e ffe c t ive  use o f ava ilab le laboratory resources.
7. Acquire experientia l understanding.
8. Learn the use of chemical l i te ra tu re .
9. Show that experiment is  the basis o f theory.
10. I l lu s t r a te  the use o f experimentation as a process o f 
discovery.
11. Develop observational s k i l l s .
12. Develop personal re sp o n s ib i l i ty  and r e l i a b i l i t y  fo r  
experimentation.
13. Learn from making mistakes w ithout penalty.
14. Give stim ula tion and a sense o f achievement.
15. Give experience o f working in a laboratory.
16. Measure typ ica l physiochemical constants.
LEE'S LIST OF AIMS ( REF. 94 )
1. To stimulate and maintain the students' in te re s t in Engineering.
2. To i l l u s t r a te ,  supplement and emphasise material taught in 
le c tu re s .
3. To t ra in  the student to keep a continuous record o f laboratory 
work (notebook).
4. To t ra in  the student in the formal reporting o f experimental 
procedures adopted in  laboratory prac tica ls  and the w r i t in g  o f 
technical reports.
5. To give the student t ra in ing  in the in te rp re ta t io n  of 
experimental data.
6. To t ra in  the student to use p a r t ic u la r  apparatus, te s t  procedures 
or standard techniques.
7. To provide more intimate contact between students and academic 
s ta f f .
8. To stimulate the students' in te re s t in  "design".
9. To develop the students' s k i l l  in  problem solving ( in  the m u lt i ­
so lu tion s i tu a t io n ) .
10. To simulate the conditions obtained in Research and Development 
Laboratories.
11. To provide the students with a valuable stimulant to independent 
th ink ing.
12. To show the use o f "p rac tica ls "  as a process o f discovery.
13. To demonstrate the use o f experimental work as an a lte rn a t ive
to the ana ly tica l method o f solving engineering problems.
14. To simulate under con tro lled  and measured cond it ions 'ce rta in  
f ie ld  conditions such tha t important variables can be measured 
and deductions made from the measurements and applied to the 
f ie ld  conditions.
15. To fa m il ia r is e  the student w ith the need to communicate 
technical concepts and s i tu a t io n s , to inform and persuade 
management to take a certa in  course o f action.
16. To help the student to "bridge the gap" between the u n re a l i ty  o f 
the academic s itu a t io n  as compared with the in d u s tr ia l  scene 
with i t s  associated soc ia l,  economic and other n o n -sc ie n t i f ic  
re s tra in ts  which engineers encounter.
RINGS LIST OF AIMS (REF. 139)
1. To i n s t i l l  confidence in physics.
2. To teach basic p ractica l s k i l l s .
3. To fa m il ia r is e  students with important standard apparatus and 
measurement techniques.
4. To i l lu s t r a te  material taught in lectures.
5. To teach the p r inc ip les  and a tt itudes  o f doing experimental physics.
6. To t ra in  students in observation.
7. To t ra in  in making deductions from measurements and in te rp re ta t io n  
o f experimental data.
8. To use experimental data to solve spe c if ic  problems.
9. To t ra in  students in w r i t in g  reports on experiments.
10. To t ra in  students in keeping a day-to-day laboratory notebook.
11. To t ra in  students in simple aspects o f experimental design.
12. TO provide closer contacts between students and academic
s ta f f .
13. To stimulate and maintain students' in te re s t  in the subject.
14. To teach some 'th e o re t ic a l '  material not included in lectures.
15; tb fos te r  ' c r i t i c a l  awareness' (e.g. extraction  o f a l l
irifdfmatibh from the data; the avoidance of systematic e r ro rs ) .
16. To develop s k i l l  in problem solving in the m u lt i-so lu t io n  
si tua tion .
17. To simulate the conditions in research and development 
lab o ra to r ie s .
18. To provide a stimulant to independent th ink ing.
19. To provide an opportunity to experience the process of
discovery.
20. To fa m il ia r is e  students with the need to communicate 
technical concepts and so lu tions.
21. To provide motivation to acquire spec if ic  knowledge.
22. To help bridge the gap between theory and practice.
23. To expose students to the phenomena o f physics.
APPENDIX A 4.2 Example o f feedback sheet
U N I V E R S I T Y  OF S U R R E Y  
DEPARTMENT OF CHEMISTRY 
Evaluation o f 2nd Year Inorganic Chemistry Laboratory Course
Feedback sheet 
Assignment 1
Please rate the f i r s t  three items on th is  questionnaire on the f iv e  
point scales.
1. The d i f f i c u l t y  o f th is  assignment:
Too easy Too d i f f i c u l t
1 2 3 4 5
2. Your in te re s t  in th is  assignment
Boring Stimulating
1 2 3 4 5
3. The relevance o f th is  assignment to the chemistry lectu re  courses
Unrelated Closely re lated
1 2 3 4 5
4. What knowledge or s k i l l s  were you assumed to have before you 
started th is  assignment, tha t you did not have?
5. Please w rite  down any p a r t ic u la r  d i f f i c u l t i e s  which you had with 
th is  assignment.
6. Approximately how many hours did you spend in the laboratory doing 
th is  assignment?
7. Approximately how many hours did i t  take you to w r ite  up th is
assignment (including time spent looking up and reading references)
Any. o the r  comments .........
Rod Watson
U N I V E R S I T Y  OF S U R R E Y  
DEPARTMENT OF CHEMISTRY
Evaluation o f 2nd Year Inorganic Chemistry Laboratory Course
Feedback sheet 
Assignment 2
Please rate the f i r s t  three items on th is  questionnaire on the f iv e  
point scales.
1. The d i f f i c u l t y  o f th is  assignment
Too easy Too d i f f i c u l t
1 2 3 4 5
2. Your in te re s t  in th is  assignment
Boring ' Stimulating
1 2 3 4 5
3. The relevance of th is  assignment to the chemistry lectu re  courses
Unrelated Closely re lated
1 2 3 4 5
4. What knowledge or s k i l l s  were you assumed to have before you
started th is  assignment, tha t you did not have?
5. Please w rite  down any p a r t ic u la r  d i f f i c u l t i e s  which you had with 
th is  assignment.
6. Approximately how many hours did you spend in the laboratory doing 
th is  assignment?
7. Approximately how many hours did i t  take you to write-up th is
assignment ( inc luding time spent looking up and reading references)?
8. Please c i r c l e  the c o r re c t  response
Did you 
read i t
How useful did you 
f in d  the reference
YES
F.H. Burstal et al 
J.Chem.Soc.1950, 516
T.V. Arden e t al 
Nature 1948, 162, 691
I.M. Hais and K. Macek 
'Paper Chromatography' 
pp 733-739 and 755-756
D.A. Fine 
J. Amer.Chem.Soc. 
84, 1139
1962, 1
D. Abbott and R.S.Andrews 
'An Introduction to 1
Chromatography'
I .  Smith 'Chromato­
graphic and E lectro - 
phoretic Techniques'
Vol. 1 p .800
R.J. Block et al 
'A Manual o f Paper -j
Chromatography and 
Paper Electrophoresis'
Y. Marcus and A.S. Kertes 
'Ion Exchange and Solvent -j 
Extraction of Metal 
Complexes
NO
2
2
Of no 
use
Very
useful
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
9. What other reference material did you use?
10. Any other comments
Example o f  an aims q u e s t io n n a ire
U N I V E R S I T Y  OF  S U R R E Y
DEPARTMENT OF CHEMISTRY
Evaluation o f 2nd Year Inorganic Chemistry Laboratory Course
I should be grate fu l fo r  your help in completing th is  questionnaire. 
The purpose of th is  questionnaire is  to f ind  out your opinions o f 
the possible aims o f the 2nd year inorganic chemistry laboratory 
course. I t  is  part o f a continuing research pro ject to f in d  the 
areas o f the course which need a lte r in g  and developing.
I would l ik e  to thank you fo r  completing the questionnaire at the 
beginning o f the course. This has already provided some in te res ting  
information which w i l l  be compared with the information obtained from 
th is  questionnaire.
Rod Watson
In s t i tu te  fo r  Educational Technology.
The fo llow ing is  a l i s t  o f possible aims fo r  a chemistry laboratory
course. Please rate each aim on each o f the two scales. On the
f i r s t  scale please rate the aim depending on how important you th ink 
i t  j_s in th is  course ( i . e .  give youridea of the aims o f the present 
course). On the second scale please rate the aim on the scale 
depending on how important i t  should be in th is  course ( i . e .  give
your idea of the aims o f an ideal course).
Use the scale from 1 (not an aim) to 5 (a very important aim)
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1 1.
2 2 ,
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7. 5
17
16
22
19 10
Present
Course
To teach theore tica l material not 
included in lectures and tu to r ia ls
To i l lu s t r a te  material taught in 
lectures and tu to r ia ls
1 2
1 2
To help the students to bridge the -| 
gap between theory and practica l
To teach basic practica l s k i l l s  
(e.g. manipulative, preparative 
and instrumental s k i l l s )
To fa m il ia r is e  the student with 
important instruments, devices 
and techniques
To teach a log ica l and methodical 
approach o f doing experimental 
chemi s try
To teach proper c r i te r ia  o f 
accuracy and s ign if icance (e.g. 
avoidance o f systematic e rro rs ; 
making a l l  the s ig n if ic a n t  
observations
To t ra in  students in w r i t in g  
reports on experiments
To t ra in  students in making 
deductions from measurements and 
in te rp re ta t io n  o f experimental 
data
2 3
1 2 3 4 5
1 2 3 4 5
To t ra in  students in observation. 1 2  3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
Your ideal 
Course
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
Course Course
11 11. To use experimental data to l ? ? 4 r i ? ? a q
solve spec if ic  problems
18 12. To t ra in  students in keeping
a day to day laboratory note- 1 2 3 4 5  1 2 3 4 5
book.
23. 13. To develop the a b i l i t y  to
communicate resu lts  o ra l ly  (e.g. i ? ?  a x i ? ? a c,
in seminars and informal
discussions)
12 14. To t ra in  in simple aspects o f
experimental design
26 15. To stimulate and maintain
students' in te re s t  in chemistry
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
11 16. To develop students' s k i l l  in
problem solving in a m u lt i-  1 2 3 4 5  1 2 3 4 5
solu tion s itua t ion
16 17. To fos te r  ' c r i t i c a l  awareness'
(e.g. extraction  o f a l l
information from the data; 1 2 3 4 5  1 2 3 4 5
estimation o f  the size and 
s ign if icance o f possible errors)
24 18. To provide the students with a
stimulant to independent 1 2  3 4 5 1 2  3 4 5
th ink ing
25 19. To encourage 'e n te rp r is e ',  1 2 3 4 5  1 2 3 4 5
' i n i t i a t i v e '  and ' resourcefulness'
28 20. To develop personal responsibi­
l i t y  and r e l i a b i l i t y  fo r  1 2 3 4 5  1 2 3 4 5
experimentation
10 21. To simulate the conditions in
research and development 1 2 3 4 5  1 2 3 4 5
31. 22. To provide closer contacts
between students and academic 1 2 3 4 5  1 2 3 4 5
s ta f f
23. To show the use o f 'p ra c t ic a ls '
as a process o f discovery
24. To demonstrate the use of an
experimental method as an 
a lte rn a t ive  to the ' the o re t ica l ' 
method of solving problems
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
25. To fa m il ia r is e  the students with
the need to communicate technical 1 2 3 4 5  1 2 3 4 5
concepts and solutions
26. To provide motivation fo r  the
student to acquire spec if ic  1 2 3 4 5  1 2 3 4 5
knowledge
27. To i n s t i l l  confidence in 
Chemistry
30 28. To t ra in  students in extracting
information from the l ib ra ry  
and in p a r t ic u la r  from 
period ica ls
1 2 3 4 5  1 2 3 4 5
1 2 3 4 5  1 2 3 4 5
Any other comments
Name (Optional)
Ad hoc que s t io n n a ire
U N I V E R S I T Y  OF S U R R E Y  
DEPARTMENT OF CHEMISTRY
Evaluation o f 2nd Year Inorganic Chemistry Laboratory Course
I would l ik e  you to f i l l  in yet another questionnaire. I am try in g  to 
f ind  your opinions o f th is  course, so tha t d i f fe re n t  assignments can 
be modified and developed. I would l ik e  to discuss your answers with 
you a f te r  you have completed the questionnaire.
I would l ik e  to assure you tha t any information which you give me 
e ith e r answering th is  questionnaire or in conversation, w i l l  not be 
passed on to the course organisers in any way tha t would id e n t i fy  you.
Rod Watson
In s t i tu te  fo r  Educational Technology
Please c i r c le  the appropriate answers fo r  each question and add your 
comments where necessary.
1. How in te res ting  did you f in d  the course?
boring not p a r t ic u la r ly  sa t is fa c to ry  quite s tim u la ting
in te res ting  in te res ting
2. Which assignments did you f ind  uninteresting?
Why?
3. Which assignments did you f ind  most in teresting?
Why?
4. Were there any times when you f e l t  p a r t ic u la r ly  fed-up with the 
course?
yes no
I f  your answer is  yes:
a. During which week did you feel p a r t ic u la r ly  fed-up w ith the course? 
( i . e .  1st week or second week, e tc .)
b. Which assignment were you doing?
5. How would you describe the d i f f i c u l t y  o f the course?
too s l ig h t ly  too about s l ig h t ly  too
d i f f i c u l t  d i f f i c u l t  r ig h t  too easy easy
6. With which assignments did you have p a r t ic u la r  d i f f i c u l t ie s ?
7. What were the p a r t ic u la r  d i f f i c u l t ie s ?
8. Which parts o f the course wasted your time? (due to bad design, 
waiting to use instruments, e tc . )
9. Which parts o f your w r it ten  work fo r  each assignment would you 
1 ike to see reduced?
10. Were the demonstrators always helpful?
very helpful most helpful some seldom
helpful o f the time o f the time helpful
11. For which assignments do you feel you deserved a d i f fe re n t  grade 
from the one allocated to you when the assignment was marked?
12. How would you describe the importance o f having lectures on the 
inorganic chemistry before the practica l work is  attempted?
very quite important not very unimportant
important important important
13. How c lose ly  was the laboratory work related to the lecture course?
very c lose ly  quite c lose ly sometimes mainly unrelated 
related re lated re lated unrelated
14. How many o f the references fo r  th is  course did you f in d  you 
needed to look up?
a l l  most some a few none
15. How many pieces o f reference material (e.g. books or a r t ic le s  
in period ica ls) did you use, tha t were not specified in the 
assignment sheets?
none 1 or 2 3 or 4 5 or 6 more than 6
16. What problems did you have in looking up reference material?
17. When choosing a p a r t ic u la r  method fo r  doing an assignment, how 
important were the fo llow ing factors in a ffec t ing  your choice 
o f a p a r t ic u la r  method?
a. Using the method someone has already used.
very important quite not usually not
important important important important
b. Weighing up the d i f fe re n t  p o s s ib i l i t ie s  in  your mind.
very important quite not usually not
important important important important
c. Discussion with fr iends.
very important quite not usually not
important important important important
d0 Discussion w ith demonstrators
very important quite not usually not
important important important important
e. Other (Please specify)
18. To what extent did the course encourage you to use your
in i t ia t iv e ?  (e.g. did you need to design your own apparatus 
or reaction conditions?)
19. One of the aims o f the course was to provide s itua tions tha t would 
enable you to cope with the kinds o f work that you are l i k e ly  to 
experience in your in d u s tr ia l year and in the f in a l year p ro jec t. 
Do you feel tha t at present the course has been successful in th is  
In what ways could i t  be improved?
20. Do you th ink tha t th is  questionnaire represents your views o f the 
course fa i r ly ?  Is there anything else tha t you would l ik e  to say?
Thank you.
Course I (s e c t io n  4 .2 )
In te rv ie w  schedule f o r  autumn 1973 ( f o r  s tudents  ( I ) ) .
(1) Level o f in te re s t
Was the course in te res t in g  or uninteresting? Why?
How does the course compare with other laboratory courses tha t 
you have done?
(2) Which assignments were most/least in te resting? Why? How could 
they be improved?
(3) Did you get fed-up with the course? I f  so, why? Was i t  linked 
with (a) an assignment?
(b) a p a r t ic u la r  time in the course?
(c) the length spent doing an assignment? Would i t  help 
i f  the approximate length of each assignment was given?
Are there any ways o f preventing you becoming fed-up with the 
course?
(4) Were any parts of the course too d i f f i c u l t / t o o  easy? How should 
they be changed?
(5) What d i f f i c u l t i e s  did you have with the experiments?
(6) What parts of the course wasted your time? How could th is  be 
remedied?
(7) Write-up
What is the purpose o f the write-up?
What does i t  teach you? Can you suggest be tte r ways of w r it ing -up  
Should the write-up be shortened?
(8) Did you f ind  staff/demonstrators generally h e lp fu l/u n h e lp fu l?
In what way were staff/demonstrators unhelpful? How could th is  be 
remedied?
(9)  Assessment
Did you th in k  th a t  the grading o f  re p o r ts  was f a i r ?
I f  not, why do you th ink the {jrade was wrong?
What should staff/demonstrators be looking fo r  when they grade 
your work?
(10) Relevance to lectures
How important do you th ink i t  is  to have studied re lated inorganic 
chemistry before the p ractica l work is  attempted? Could you 
do the p rac tica ls  w ithout lectures? Can you suggest how th is  
problem could be overcome? Would you l ik e  lectures beforehand?
Are they essential beforehand?
(11) References
Were the references always he lpful? Were they irre levan t?
Which ones?
Did you look up other material? I f  yes, is th is  a good thing 
or should a l l  references be included in the sheets? Why?/Why not?
(12) Does th is  p ractica l course encourage discussion with other
people? Did you discuss with other people? Did th is  encourage 
resourcefulness when thinking?
(13) Did the course make you use your in i t ia t iv e ?  enough/too much? 
How could th is  be altered? Do you prefer to be able to use your 
i n i t i a t i v e  or do you prefer to  be to ld  exactly what to do? Is 
th is  course more successful than other courses in th is  aim? 
Why?/Why not?
(14) Any other points
Course I ( s e c t io n  4 .2 )
In te rv ie w  schedule f o r  spring/summer 1974 ( f o r  s tudents ( I I ) ) .
(1) Did you have enough time to complete the practica l work to 
your sa tis fac tion?
Which parts o f the course wasted your time? (e.g. poor organisation, 
waiting to use instruments)
(2) Were the staff/demonstrators he lp fu l/unhe lp fu l?
How often did staff/demonstrators not know answers to your questions 
How often were staff/demonstrators not available when required?
(3) Which parts of the write-up would you l ik e  to see reduced?
(4) Assessment
For which assessments do you feel you deserve a d i f fe re n t  grade 
from the one allocated to you? Why?
What percentage o f the marks fo r  the experiment were a llocated 
fo r  (a) resu lts
(b) discussion in the write-up
(c) anything else
(5) How would you describe the importance o f having lectures on the 
inorganic chesmistry before the practica l work is attempted?
(6) How successful was the course in the fo llow ing areas:
(a) Teaching basic practica l s k i l l s
(b) Fam ilia ris ing  you with important instruments, devices and
techniques.
(c) Teaching a log ica l and methodical approach to doing experimental 
chemi s try
(d) Stimulating and maintaining your in te re s t  in chemistry
(e) Encouraging i n i t i a t i v e  and resourcefulness
(7) Any o th e r  comments
Course I (s e c t io n  4.2)
In te rv ie w  schedule f o r  autumn 1973 ( f o r  s ta f f /d e m o n s t ra to rs )
(1) What are your feeelings about the course? Do you feel i t  is
successful/unsuccessful? In what areas? How could the course
be improved? What are the problems and advantages o f the course?
(2) What are the aims of the course? How successful is  i t  in 
achieving i t s  aims? How do you judge success?
(3) Do you f ind  tha t you have s u f f ic ie n t  time in the laboratory? 
I f  not, how could the s itu a t io n  be improved? What aspects o f 
your ro le in  the laboratory take up too much time?
(4) Do you th ink tha t the amount o f time spent by the students doing 
the write-up is  too much? What aspects o f the w rite -up could 
be shortened?
(5) Did you use the marking schemes available? What do you feel 
should be the weighting of the d i f fe re n t  aspects o f the 
assessment?
(6) How well do P.G. demonstrators cope with th e i r  ro le  in the 
laboratory? In what ways are they inadequate? Why?
(7) Any other comments
APPENDIX A 4.3
U N I V E R S I T Y  O F  S U R R E Y
DEPARTMENT OF CHEMISTRY
Evaluation o f 1st Year General and Organic Chemistry 
Course fo r  Chemical Engineers
I should be grate fu l fo r  your help in completing th is  questionnaire 
which forms part o f  a research pro ject which is  being conducted 
jo in t l y  by the Chemistry Department and the In s t i tu te  fo r  
Educational Technology. I t  w i l l  be used to f ind  the areas in the 
course which you feel need a lte r in g  and developing.
I would l ik e  to assure you tha t any information which you give me by 
answering th is  questionnaire w i l l  not be passed on to the course 
organisers in any way tha t would you id e n t i fy  you. I would also 
l ik e  to thank you fo r  completing the questionnaire at the beginning 
o f the course. This has already provided some in te res ting  
information which w i l l  be compared with the information obtaiined 
from th is  questionnaire.
Rod Watson
In s t i tu e  fo r  Educational Technology
The fo llow ing is  a l i s t  o f possible aims fo r  a chemistry labora tory 
course. Please rate each aim on each o f the two scales. On the 
f i r s t  scale please rate the aim depending on how important you 
th ink i t  J_s in th is  course ( i . e .  give your idea o f the aims o f the 
present course). On the second scale please rate the aim on the 
scale depending on how important i t  should be in th is  course ( i . e .  
give you idea of the aims o f an ideal course"]".
Use the scale from 1 (not an aim) to 5 (a very important aim).
* *
1 1 To teach theore tica l material 
not included in lectures and 
tu to r ia ls
Present
course
2 3 4 5
Your ideal 
course
2 3 4 5
2. To i l lu s t r a te  material taught 
in lectures and tu to r ia ls 1 2 3 4 5 1 2 3 4 5
3. To help the students to 
bridge the gap between 
theory and practica l
1 2 3 4 5 1 2 3 4 5
*  no. on m od if ied  que s tions ;  * *  o r ig in a l  no.
55
5
5
5
5
5
5
5
5
5
5
5
5
To teach basic p ractica l 
s k i l l s  (e.g. manipulative, 
preparative and instrumental 
s k i l l s )
To fa m il ia r is e  the student 
with important instruments, 
devices and techniques
To t ra in  students in 
observation
To teach a log ica l and 
methodical approach o f 
doing experimental chemistry
To teach proper c r i t e r ia  o f 
accuracy and s ign if icance 
(e.g. avoidance o f systematic 
e rro rs ; making a l l  the 
s ig n if ic a n t  observations)
To t ra in  students in 
w r i t in g  reports on 
experiments
To t ra in  students in making 
deductions from measurements 
and in te rp re ta t io n  o f 
experimental data
To use experimental data to 
solve spec if ic  problems
To t ra in  students in keeping 
a day to day laboratory 
note-book
To develop the a b i l i t y  to 
communicate resu lts  o ra l ly  
(e.g. in  seminars and informal 
discussions)
To t ra in  in simple aspects 
o f experimental design
To stimulate and maintain 
students' in te re s t in 
chemistry
To develop student^' s k i l l  
in problem solving in m u lt i - 
so lu tion in s itu a t io n
course course
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5  1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
1 2 3 4 5 1 2 3 4
To fo s te r  ' c r i t i c a l  awareness'
(e.g. extraction  from a l l
information from the data; 1 2  3 4 5 1 2  3 4
estimation o f the size and 
s ign if icance o f possible errors)
24 18.
25 19.
28 20 .
10 21. 
31. 22.
3? 23.
11 240
- 25.
5 26.
- 27.
- 28.
- 29.
9 30.
Present
Course
To provide the students with
a stimulant to independent 1 2  3 4 5
th inking
To encourage 'e n te rp r is e ',
' i n i t i a t i v e '  and 'resource- 1 2 3 4 5
fu lness1
To develop personal responsi­
b i l i t y  and r e l i a b i l i t y  fo r  1 2  3 4 5
experimentation
To simulate the conditions 1 2  3 4 5
in research and development
To provide c loser contacts
between students and academic 1 2  3 4 5
s ta f f
To show the use o f ' p rac tica ls '- j  2 3 4 5
as a process o f discovery
To demonstrate the use o f an
experimental method as an
a lte rn a t ive  to the 1 2  3 4 5
'th e o re t ic a l '  method of
solving problems
To fa m il ia r is e  the student
with the need to communicate 1 2  3 4 5
technical concepts and
solutions
To provide motivation fo r
the student to acquire 1 2  3 4 5
spe c if ic  knowledge
To i n s t i l l  confidence in i o o a c
Chemistry 1 2  3 4 5
To fa m il ia r is e  the student
with lab. scale experiments,
w ith in  the context o f the 1 2  3 4 5
research and development
requirements o f chemical
engineers
To i l lu s t r a te  the relevance
o f chemistry to chemical 1 2  3 4 5
engineers
To make students aware o f
the safety precautions which 1 2  3 4 5
are necessary when performing
an experiment
Your idea l
Course
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
What are your general expec ta t ions  o f  the la b o ra to ry  course?
Any other comments
Name (Optional)
Please complete the fo llow ing sheet when you have seen the videotape 
FILTRATION
Rod Watson
Technical q u a li ty
1. Vocal de livery
a. C la r i ty  o f enunciation
Perfect
1 2  3 4
b. D istractions caused by speaker's accent
D istractions caused by 
mumbling, s tu t te r in g ,  etc. 
5
No d is trac tions
1 2  3 4
2. Vocal q u a l i ty
L ive ly  and 
varied pace
1 2  3 4
3. Quality o f p ic ture
Very c lear 
and a t t ra c t iv e
1 2  3 4
4. Relationship between p ic tu re  and sound
Picture and sound 
complimentary
1 2  3 4
5. Speed
Beginning Middle
Too
slow
Too
fas t
Too
slow
Too
fas t
A lo t  o f d is trac t ion s  
5
Monotonous
5
Unclear because o f 
crowded p ic tu re , e tc .
5
Picture and sound not complimenta 
e.g. sound simply describes p ic tu
5
End
Too
slow
Too
fa s t
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Content and Presentation
6 . Amount o f material
Too
much
Too
1i t t l e
1
7. C la r i ty  and Organisation
Beginning Middle End
Very Incom- Very Incom- Very
clear prehensible c lear prehensible c lear
1 2  3 4 5  1 2 3 4 5  1 2 3
8 . In te res t
Beginning Middle End
In teresting  Boring In te resting  Boring In teresting
1 2 3 4 5  1 2 3 4 5  1 2 3
Incom-
prehensibl
4 5
Boring 
4 5
9. Other comments
U N I V E R S I T Y  OF S U R R E Y  
DEPARTMENT OF CHEMISTRY
Evaluation o f 1st Year General and Organic Chemistry Laboratory Course
fo r  Chemical Engineers
Feedback Sheet
Please rate the f i r s t  three items on th is  questionnaire on the f ive
point scales.
1. The d i f f i c u l t y  o f th is  experiment
Too easy Too d i f f i c u l t
1 2 3 4 5
2. Your in te res t in th is  experiment
Boring Stimulating
1 2 3 4 5
3. The relevance o f th is  experiment to the chemistry lectu re  courses is :
Unrelated Closely re lated
1 2 3 4 5
4. What knowledge or s k i l l s  were you assumed to have before you started
th is  experiment, tha t you did not have?
5. Please w rite  down any p a r t ic u la r  d i f f i c u l t i e s  which you had with 
th is  assignment?
5. Approximately how many hours did you spend in the laboratory doing 
th is  experiment?
7. Approximately how many hours did i t  take you to write-up th is  
experiment?
8 . Any other comments
Designed by Rod Watson
In s t i tu te  fo r  Educational Technology
U N I V E R S I T Y  O F  S U R R E Y
DEPARTMENT OF CHEMISTRY
Evaluation o f 1st Year General and Organic Chemistry Course fo r
Chemical Engineers
I would l ik e  you to f i l l  in yet another questionnaire. I am try in g  
to f ind  your opinions of th is  laboratory course, so tha t the 
experiments can be modified and developed.
I would l ik e  to assure you that any information, which you give me 
w i l l  not be passed on to the course organisers in any way tha t would 
id e n t i fy  you.
Rod Watson
In s t i tu te  fo r  Educational Technology
Please c i r c le  the appropriate answers fo r  each question and add your 
comments where necessary.
1. How successful was the laboratory course in teaching you the 
fo llow ing laboratory s k i l ls ?
a. F i l t r a t io n  usinq a Buchner funnel:
not a t a l l  
successful
1 3
very
successful
b. T i t ra t io n
not at a l l  
successful
very
successful
1 2 3 4 5
c. D is t i l la t io n  using q u ic k f i t  apparatus
not at a l l  
successful
1
d. R ecrys ta ll isa tion
not a t a l l  
successful
1
very
successful
very
successful
2. Which o f these laboratory s k i l l s  were you able to perform successfully 
before you started th is  course?
3. How successful was the laboratory course in teaching you how to 
use the fo llow ing instruments?
a. Melting point apparatus
not at a l l  
successful
1
bo I.R . spectrophotometer
not at a l l  
successful
1
c. U.V. spectrophotometer
very
successful
very
successful
not at a l l  
successful
very
successful
d. G.L.C. machine
not a t a l l  
successful
very
successful
2 3 4 5
e. Refractive Index apparatus
not at a l l  
successful
very
successful
2 3 4 5
4. What other laboratory s k i l l s  or instrumental s k i l l s  did you 
learn in th is  course?
5. One o f the aims of the course was ' to  study some aspects o f chemistry 
in depth '. Do you th ink th is  aim was achieved in any o f the 
experiments? I f  so, in which experiments?
6 . How successful was the acetan il ide experiment in achieving the 
fo llow ing aim? 'To become fa m i l ia r  w ith laboratory scale 
experiments w ith in  the context of the research and development 
requirements o f Chemical Engineers'.
7. Did any other experiments achieve th is  aim? I f  so, which experiments?
8 . What parts o f the laboratory course wasted your time (due to 
in e f f ic ie n t  organisation, waiting to use instruments, e tc .)?
9. For which experiments do you th ink  you were given the wrong mark?
10. Were the demonstrators always helpful?
not at a l l  
successful
very
successful
2 3 4 5
very
helpful
helpful most helpful some
of the time o f the time
seldom
helpfu l
11. How often was a demonstrator not ava ilab le when required?
never
ava ilab le
always
availab le
2 3 4 5
12. Are there any problems in the general running o f the course which 
you would l ik e  to bring up?
The next few questions are t ry in g  to f ind  your reactions to the audio 
visual aids used in th is  laboratory course.
13. Television - Videao-tape on f i l t r a t i o n  using a Buchner funnel:
a. How relevant did you f ind  th is  video-tape to the laboratory 
course?
ir re le va n t very relevant
1 2 3 4 5
b. How in te res ting  did you f in d  th is  video-tape?
uninteresting very in te res ting
1 2 3 4 5
c. Do you th ink tha t using a video-tape is  an e f fe c t ive  way of 
teaching laboratory s k i l ls ?
not e ffe c t ive  very e f fe c t ive
1 2 3 4 5
d. Would you l ik e  to see more video-tapes included in the 
laboratory course?
yes no
14. Tape-slide on Atomic Absorption Spectrometer
a. How relevant did you f ind  th is  tape-s lide presentation?
ir re le va n t very relevant
1 2 3 4 5
b. Do you th ink tha t using tape-slides is  an e f fe c t ive  way o f 
teaching laboratory s k i l ls ?
not e ffe c t ive  very e ffe c t ive
1 2 3 4 5
c. Would you l ik e  to see more tape-slides in the laboratory 
course?
yes no
15. Do you th ink that th is  questionnaire represents your views 
on the course fa i r ly ?  Is there anything else you would l ik e  
to say?
Thank you
In te rv ie w  schedule f o r  s tudents
(1) General reactions
How did you react to the course? What are your impressions o f i t?
Are there any parts o f the course which you p a r t ic u la r ly  l ik e d /  
d is liked?
Are there any p a r t ic u la r  good/bad features o f the course?
How does the course compare with other laboratory courses which 
you have done?
(2) Was the course orientated enough towards chemical engineering?
Did you th ink tha t the laboratory and lecture courses were related?
(3) Would you l ik e  to make any comments about spec if ic  experiments?
Were there any experiments which were too easy/too d i f f i c u l t /b o r in g
(4) Did you f ind  tha t any parts o f the course wasted your time? How?
(5) What did you th ink o f the A.V.A. used in the course, i . e .  the 
videotape and tape-slide? Would you l ik e  to see more or less 
o f th is  type o f material included in the course?
(6 ) What did you th ink o f the staff/demonstrator? Did you f in d  them 
helpful? Were they always available?
Did you f ind  tha t the laboratory course enabled you to get to 
know the lectu rers better?
(7) How many experiments have you had marked? (Does i t  matter tha t 
you have not had any marked?)
Do you th ink tha t the experiments were marked fa i r ly ?  What do 
you th ink you get your marks for?
(8 ) Were there any problems knowing what to w rite  in the write-up?
(9) Any o th e r  comments
APPENDIX A 4.4
U N I V E R S I T Y  OF S U R R E Y  
DEPARTMENT OF CHEMLSTRY
Evaluation o f 1st Year Inorganic Chemistry Laboratory Course
Feedback Sheet
Information given on th is  sheet w i l l  be used to assess the experiment 
not you rse lf.
NAME
TITLE OF EXPERIMENT
Please rate the f i r s t  three items on th is  questionnaire on the 
f iv e  point scales.
1. The d i f f i c u l t y  o f th is  experiment:
Too easy Too d i f f i c u l t
1 2 3 4 5
2. Your in te re s t in the experiment:
Boring Stimulating
1 2 3 4 5
3. The relevance o f th is  experiment to the Chemistry lectu re  courses
Unrelated Closely re lated
1 2 3 4 5
4. What knowledge, or s k i l l s ,  were you assumed to have before you 
started th is  experiment, tha t you did not have?
5. Please w rite  down any p a r t ic u la r  d i f f i c u l t i e s  which you had with 
th is  experiment.
6 . What did you th ink was the purpose o f th is  experiment?
7. What did you gain from doing th is  experiment?
8 . Any other comments ........
Thank you, 
ROD WATSON
January 1975
U N I V E R S I T Y  O F  S U R R E Y
DEPARTMENT OF CHEMISTRY
Assessment o f Laboratory Work
I would be gratefu l fo r  your help in completing th is  questionnaire 
which forms part o f a research p ro jec t being conducted by the 
Chemistry Department and the In s t i tu te  fo r  Educational Technology. 
The aim o f the research pro ject is  to improve teaching and 
learning in the Chemistry laboratory.
This questionnaire is  concerned w ith the assessment o f laboratory 
work, and I would l ik e  to assure you tha t any information given 
to me w i l l  not be passed on to the course organisers in any way 
tha t w i l l  id e n t i fy  you.
NAME
TITLE OF EXPERIMENT
Below are a number o f sections which you might include in a write-up 
o f th is  experiment. I f  a to ta l o f 20 marks were being allocated to 
th is  experiment, please ind ica te :
Actual Ideal
A llocation  A lloca tion  
o f Marks o f marks
A. 1. General presentation o f the w r i te ­
up.
2. Description o f experimental 
procedure.
3. Accuracy o f  resu lts  and q u a l i ty  
o f samples.
4. Organisation o f data and 
inferences drawn from data.
5. Discussion o f theore tica l material 
re lated to the experiment.
6 . Explanation o f experimental 
resu lts  in terms o f the theory.
Actual Ideal
A llocation  A llocation  
o f Marks o f Marks
7. Discussion o f the l im i ta t io n  o f the 
experimental procedures used and 
possible improvements to the 
experimental procedures.
Discussion showing evidence of 
reading
TOTAL NUMBER OF MARKS = 20 20
Why do you th ink marks ( i f  any) are given fo r  each o f the above 
sections?
1 .
2 .
3.
4.
5.
6 .
7.
For what other aspects o f the practica l work do you th ink  marks are 
given?
D. For what other aspects o f the p ractica l work do you th ink marks 
should be given?
E. Do you th ink tha t the a l loca tion  marks vary from one marker to the 
other?
F. Do you have any other comments about the assessment o f p ractica l 
work?
Thank you very much.
ROD WATSON
January 1975 
RW/GES
DEPARTMENT OF CHEMISTRY 
Evaluation o f 1st Year Inorganic.Chemistry Course
I should be gratefu l fo r  your help in completing th is  questionnaire 
which forms part of a research p ro jec t which is  being conducted 
jo i n t l y  by the Chemistry Department and the In s t i tu te  fo r  
Educational Technology. I t  w i l l  be used to f ind  the areas in the 
course which you feel need a lte r in g  and developing.
I would l ik e  to assure you that any information which you give me 
by answering th is  questionnaire w i l l  not be passed on to the 
course organisers in any way that would id e n t i fy  you.
Rod Watson
In s t i tu te  fo r  Educational Technology
Name:
The fo llow ing is  a l i s t  o f possible aims fo r  a chemistry laboratory 
course. Please rate each claim o f the two scales. On the f i r s t  
scale please rate the aim depending on how important you th ink i t  
ac tua lly  i_s in th is  course ( i . e .  give your idea o f the aims o f the 
present course. On the second scale please rate the aim on the 
scale depending on how important you th ink i t  should be in th is  
course ( i . e .  give your idea o f the aims o f an ideal course).
Use the scale from 1 (not an ai m) to 5 (a very important aim).
1 = not an aim
5 = a very important aim
1. To teach material not included in 
lectures and tu to r ia ls
2. To i l lu s t r a te  material taught in 
lectures and tu to r ia ls
3. To demonstrate tha t chemistry is  
an empirical science
4. To demonstrate tha t chemistry is 
a useful science
5. To study a small area o f  chemistry 
in depth
6 . To teach basic p ractica l s k i l l s  
(e.g. manipulative and preparative 
s k i l l s  and techniques)
7. To fa m il ia r is e  students with some 
important instruments and devices
8 . To t ra in  students in observation
9. To make students aware o f spec if ic  
hazards in experimental chemistry 
and to teach them to take the 
necessary safety precautions
10. To simulate conditions in research 
and development laboratories
11. To develop students' s k i l l  in 
problem-solving by experimental 
work
12. To t ra in  students in experimental 
design
Present 
course
2 3 .4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5
2 3 4 5
2 3 4 5 
2 3 4 5
2 3 4 5
2 3 4 5 
2 3 4 5 
1 2 3 4 5
Your ideal i 
course
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
13. To develop students' a b i l i t y
to recognise problems which can 
be solved through experimental 
chemistry
14. To develop students' a b i l i t y  in 
making hypotheses
15. To develop students' a b i l i t y  in 
selecting techniques procedures 
or apparatus appropriate fo r  a 
p a r t ic u la r  experiment
16. To develop students' a b i l i t y  to 
make a c r i t i c a l  assessment o f 
the methods used to obtain 
experimental data
17. To teach a log ica l and methodical 
way o f working in a chemistry 
laboratory
18. To t ra in  students in keeping a 
day-to-day laboratory notebook
19. To develop students' a b i l i t y  to 
make deductions from experimental 
data and to in te rp re t  experimental 
data
20. To develop students' a b i l i t y  in ' 
accepting or re jec t ing  a 
hypothesis
21. To develop students' a b i l i t y  in 
estimating the size and 
s ign if icance o f errors
22. To t ra in  students in w r it in g  
reports on experiments
23. To develop students' a b i l i t y  
to communicate resu lts  o ra l ly  
(e.g. in seminars and discussions)
24. To provide the students with a 
stimulus fo r  independent 
th inking
25. To encourage in i t i a t i v e  and 
resourcefulness in the students
26. To stimulate and maintain 
students' in te res t in chemistry
Present
course
1 2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5 
2 3 4 5 
2 3 4 5
2 3 4 5
2 3 4 5 
1 2 3 4 5
Your idea l
course
1 2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
27. To encourage perseverance in 
experimental chemistry
Present Your idea l
course course
1 2 3 4 5  1 2 3 4 5
28„ To develop honesty and s c ie n t i f ic  i 9 9 zi c i ^
• i * i I W v 0 I £in te g n  ty
29. To develop open-mindedness and
f l e x i b i l i t y  (e.g. w ill ingness 1 2 3 4 5  1 2 3 4 5
to consider new facts)
30. To t ra in  students in extracting 
information from the l i te ra tu re  
(inc lud ing tra in ing  in the use 
of the l ib ra ry )
1 2 3 4 5  1 2 3 4 5
31. To provide closer contacts
between students and academic 1 2 3 4 5  1 2 3 4 5
s ta f f
32. To provide closer contacts
between students w ith in  the 1 2 3 4 5  1 2 3 4  5
course
33. To develop students' s k i l l s
in working and cooperating with 1 2  3 4 5 1 2  3 4 5
others in a team
What are your general expectations o f  th is  laboratory course?
Any other comments
Thank you
U N I V E R S I T Y  OF  S U R R E Y
DEPARTMENT OF CHEMISTRY
Evaluation o f 1st Year Inorganic Chemistry Practica l
Course
I should be grate fu l fo r  your help in completing yet another questionnaire. 
I have now analysed the information gathered about the inorganic ■
prac tica l course la s t  term, and there are a few outstanding questions 
which your response to th is  questionnaire w i l l  help to answer.
I would l ik e  to assure you tha t any information which you give me by 
answering th is  questionnaire w i l l  not be passed on to the course 
organisers in any way tha t would id e n t i fy  you.
Rod Watson
Department o f Chemistry
and In s t i tu te  fo r  Educational Technology
1. How often did the fo llow ing help you to learn spec if ic  s k i l l s  and 
techniques ( i . e .  accurate t i t r a t i o n ,  weighing on an automatic 
balance, use o f a sintered glass c ru b ic le , e tc . ,  e tc .)?
Name
Often helped Never helped
me me
a. Ins truc t ion  sheets
b. Textbook by Vogel
c. Member o f s ta f f
d. Demonstrators
e. Other students
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
What other methods were helpful in teaching you spe c if ic  s k i l l s  
and techniques?
This question is  concerned with the extent to which the ins truc t ion  
sheets and the textbook by Vogel were adequate in te l l in g  you what 
procedures to use, i . e .  in t e l l in g  you what you should do.
How often was i t  necessary to consult s ta f f ,  demonstrators, or 
other students about the procedure?
a. Never, or only one or twice during the whole course Q
□
□
d. Very o ften, frequently  during each practica l class □
b. Occasionally, one or twice during each practica l 
class
c. Quite o ften , several times during each practica l 
class
How often did the fo llow ing groups help you by explaining what 
procedure should be used?
Often helped Never helped
. me me
a. Member of s ta f f  1 2  3 4 5
b. Demonstrators 1 2  3 4 5
cl Other students 1 2  3 4 5
To what extent did you understand the theore tica l material connected 
with the practica l experiments, when you were doing them in the 
laboratory?
a. My understanding was good
b. I p a r t ia l ly  understood them Q
c. My understanding was poor
To what extent did you understand the theore tica l material connected 
with the practica l experiments, a f te r  you had w r it te n  them up?
a. My understanding was good
b0 I p a r t ia l ly  understood them
c. My understanding was poor Q
6. How often did the fo llow ing help you to understand the theore tica l 
material connected with the practica l experiments?
a. Ins truc t ion  sheets
b. Textbook by Vogel
c. Member o f  s ta f f
d. Demonstrators
e. Other students
Often helped Never helped
me me
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
Was anything else important in helping you to gain an understanding 
o f the theore tica l material connected with the practica l experiments?
7. To what extent were the fo llow ing aims achieved fo r  you in th is  
course?
Not achieved Achieved to a
at a l l  great extent
a. To teach basic p ractica l s k i l l s
(e.g. manipulative and preparative 1 2  3 4 5
s k i l l s  and techniques)
b. To fa m il ia r is e  you with some 1 2 3 4 5  
important instruments and devices
c. To t ra in  you in observation 1 2  3 4 5
d. To teach a log ica l and methodical
way of working in a chemistry 1 2 3 4 5
laboratory
e. To develop your a b i l i t y  to make
deductions from experimental data 1 2 3 4 5
and to in te rp re t  experimental data
8 . . Looking back on the course, are there any other comments tha t you 
would l ik e  to make?
Thank you
STUDENT INTERVIEW
Introduction
1. What are your reactions to th is  laboratory course?
2. Are there any p a r t ic u la r  good features tha t s tr ik e  you about the 
course?
3. Any bad features?
4. How does i t  compare with other laboratory courses tha t you have 
done?
Outcomes
5. What do you th ink you are ge tt ing  out o f the course? What are 
you learning?
Which o f the s k i l l s  and techniques could you do already? How do 
standards compare with previous work?
6. How much o f the course is re p e t i t io n  o f previous work?
7. In what way did you learn in th is  course?
In te res t
8. How in te res ting  do you f ind  the course? Do you f in d  i t  more 
in te res ting  than other laboratory courses at un ivers ity? At 
school? Why? Why not?
9. Do you f ind  the laboratory course more or less in te res ting  than 
lectures? Why? Why not?
Relevance
10. How c lose ly is the laboratory course re lated to lectures? 
Would you l ik e  to see i t  more c lose ly  related? Why?
Importance
11. How important do you consider laboratory work to be in your 
degree course? How important is  th is  course?
How does laboratory work compare with lectures and tu to r ia ls  
fo r  importance?
D i f f i c u l t y
12. How d i f f i c u l t  do you f ind  th is  course?
Have you had any p a r t icu la r  d i f f i c u l t ie s ?  Is there anything that 
has wasted your time?
13d Do you f ind  th is  course at a l l  demanding? Does i t  make you 
th ink fo r  yourself/use your in i t ia t iv e ?
Time
14. Is there enough time/too much time fo r  the practica l?
15. Is your time used e f f ic ie n t ly ?
Assessment
16. What do you get marks fo r  in th is  practica l course?
17. What else do you th ink marks should be given for?
18. Do you th ink many people f id d le  th e i r  results? Do you?
Improvement
19. In what ways could the laboratory course be improved?
Aims
20. What do you th ink are the aims o f th is  laboratory course?
Demonstrators/Staff/Students/Technicians
21. Do you f ind  them helpfu l? In what ways?
What do you see as being th e ir  ro le  in the laboratory?
22. How do you get on with the technicians?
23. Do you get much help from other students? In what ways?
24. Do the demonstrators/staff have enough time?
STAFF INTERVIEW
Involvement/Planning
1. How did you get to be running the course?
2. How long have you been running the course?
3 .a. Did you design the course? How did you go about designing 
the course? How did you decide what to include?
b. Have you changed the course? Why? How? How did you decide 
what to change?
4. Are there any trends in the way in which the course has changed 
over the years?
5. What constraints are there on you when planning and running a 
course?
6. What are you try in g  to achieve in th is  course? Detailed aims.
Details o f course
7. Subject, year, no. of hours per week, no. o f weeks, s ta f f in g /
demonstrators, no. o f students
8. Individuals/Pairs/Groups. Why?
9. Do students do the same experiment at the same time or do they
do d i f fe re n t  experiments? Do they have any choice?
10 ..Type o f course - Trad itiona l ( s k i l l s / le c tu r e ) ,  Open/Problem 
so lv ing, Projects, Integrated, Other.
11. Why have you chosen th is  format?
12.a. What teaching methods a u x i l ia ry  to the actual p ractica l work 
are important? Ins truc t ion  sheets, Audio-visual, demonstrators, 
ind iv idua l help by sta ff/dem onstra tors, student help, books
b. Are there any seminars or lectures to back-up the laboratory work?
13. How are the ins truc t ion  sheets la id  out - open/closed, questions.
14c Why have you chosen th is  format? ( i . e .  12 and 13)
Are there any p a r t ic u la r  constraints?
advantages with reference to organisation?
advantages with reference to achievement o f aims?
15. How do staff/demonstrators spend th e i r  time in the laboratory?
What are th e ir  respective roles?
Assessment
16. How are the students assessed? Why are they assessed in th is  way? 
What do you look fo r  in the assessment?
17. How do the students do th e i r  write-ups?
18. Is the assessment assessing the aims?
19. Are there any aims tha t are d i f f i c u l t  to assess? What are your 
thoughts on these?
20. Who does the assessing: demonstrators or s ta f f?  Why?
21. How much time is  spent during the practica l class by demonstrators/ 
s ta f f  on assessing?
22. How much does the course mark count towards the degree?
What do you th ink o f th is? Does th is  a f fe c t  the way the students 
work?
Organisation
23. What are the main organisational problems? Equipment? Space?
24. Are there any problems with demonstrators? Are they well 
acquainted w ith the experiments? How helpful are they fo r  the 
students?
25. Are there any problems with technicians?
Student reactions
26. What do the students th ink o f the course? How do you know?
Are th e i r  comments taken in to  consideration when changing the 
course?
27. How does the course cope with d i f fe re n t  standards o f students? 
Is th is  a problem?
Aims
28. What are the aims o f the course?
29. How successful is  the course in achieving i t s  aims?
30. How do you judge success? How do you observe the students becoming 
more competent in the d i f fe re n t  areas?
31. Is there anything that you would l ik e  to achieve but are not?
Is anything over-emphasised, underemphasised?
Changes
32. Are there any changes tha t you would l ik e  to make? What?
33. Why haven't you made them already?
34. What discourages people from making changes?
35. What encourages people to make changes?
What do you th ink motivates people to change laboratory courses
U N I V E R S I T Y  OF  S U R R E Y
Department o f  Chemistry
EVALUATION OF FIRST YEAR GENERAL AND ORGANIC 
CHEMISTRY LABORATORY COURSE FOR CHEMICAL ENGINEERS
F E E D B A C K  S H E E T
Information given on th is  sheet w i l l  be used to assess the experiment 
not yourse lf.
NAME
TITLE OF EXPERIMENT
Please rate the f i r s t  three items on th is  questionnaire on the 
f iv e  point scales.
1. The d i f f i c u l t y  o f th is  experiment:
Too easy Too d i f f i c u l t
1 2 3 4 5
2. Your in te re s t  in the experiment:
Boring Stimulating
1 2 3 4 5
3. The relevance of th is  experiment to the Chemistry lec tu re
courses:
Unrelated Closely re lated
1 2 3 4 5
4. What knowledge, or s k i l l s ,  were you assumed to have before
you started th is  experiment, tha t you did not have?
5. Please w rite  down any p a r t ic u la r  d i f f i c u l t i e s  which you had 
with th is  experiment.
6. What did you th ink was the purpose o f th is  experiment?
7. What did you gain from doing th is  experiment?
8. Any other comments?
Thank you,
ROD WATSON 
January 1975.
U N I V E R S I T Y  OF S U R R E Y  
DEPARTMENT OF CHEMISTRY
EVALUATION OF THE USE OF VIDEO-TAPES IN CHEMISTRY LABORATORIES.
This questionnaire forms part o f a research p ro jec t being carried 
out by the Chemistry Department and the In s t i tu te  fo r  Educational 
Technology. The main aim o f the p ro jec t is  to improve teaching 
and learning in the chemistry laboratory. I would be grate fu l 
fo r  your co-operation in  f i l l i n g  in th is  questionnaire, which w i l l  
be used to evaluate the video-tapes used in th is  course, NOT to 
assess your performance.
NAME
TITLE OF VIDEO-TAPE
Please rate the items below on the f iv e  po int scales and add 
your comments as appropriate.
1. The in te re s t  o f the video-tape.
Boring Stimulating
1 2 3 4 5
2. The speed o f presentation
Too slow Too fa s t
1 2 3 4 5
3. The amount o f material included in  the video tape.
Too much Too l i t t l e
1 2 3 4 5
4. The organisation and presentation o f the m ateria l.
Very c lear Incomprehensible
1 2 3 4 5
5. The relevance o f the video-tape to the laboratory course
Unrelated Closely re lated
1 2 3 4 5
6. Which parts of the video-tape do you feel should not have 
been included?
7.au In what way(s) was the apparatus in the video-tape d i f fe re n t  
from you own apparatus?
7.b. Did th is  matter?
8. A u d ib i l i ty  o f video-tape.
Easy to hear D i f f i c u l t  to hear
1 2 3 4 5
9. Quality o f p ic tu re .
Very c lear Unclear
1 2 3 4 5
10. Was there anything connected with the technical q u a l i ty  o f 
the video-tape tha t d is tracted you or made i t  d i f f i c u l t  to 
learn from the video-tape? I f  so, what?
11. What knowledge or s k i l l s ,  re lated to th is  aspect o f
p ractica l Chemistry was i t  necessary to have before watching 
th is  video-tape that you did not have?
12. Please w rite  down any p a r t ic u la r  d i f f i c u l t i e s  which you had 
when performing the s k i l l  described in  the video-tape.
13. What are your re a c t io n s  to  the speaker? Does he appear
con f id en t?  Is  the re  anyth ing  you p a r t i c u l a r l y  l i k e ,  o r
d i s l i k e ,  about h is  performance?
14. How successful do you feel the video-tape was in  teaching 
you the laboratory s k i l l?
Very successful Unsuccessful
1 2 3 4 5
15. Any other comments:
Thank you, 
ROD WATSON 
January 1975
U N I V E R S I T Y  OF  S U R R E Y
DEPARTMENT OF CHEMISTRY
Evaluation o f 1st Year General and Organic Chemistry Course 
For Chemical Engineers
I should be g ra te fu l fo r  your help in  completing th is  
questionnaire which forms part o f a research pro ject which 
is  being conducted jo in t ly  by the Chemistry Department and 
the In s t i tu te  fo r  Educational Technology. I t  w i l l  be used 
to f ind  the areas in the course which you feel need 
a lte r in g  and developing.
I would l ik e  to assure you tha t any information which you 
give me by answering th is  questionnaire w i l l  not be passed 
on to the course organisers in  any way tha t would id e n t i fy  
you.
ROD WATSON
In s t i tu te  fo r  Educational Technology
The fo llow ing is a l i s t  o f possible aims fo r  a chemistry laboratory course. 
Please rate each aim on each o f the two scales. On the f i r s t  scale please 
rate the aim depending on how important you th ink i t  ac tua lly  is_ in  th is  
course ( i . e .  give your idea o f the aims o f the present course). On the 
second scale please rate the aim on the scale depending on how important 
you th ink i t  should be in th is  course ( i . e .  give your idea o f the aims o f 
an ideal course).
Use the scale from 1 (not an aim) to 5 (a very important aim).
1 = not an aim
5 = a very important aim
Present
Course
Your ideal 
Course
1. To teach material not included in 
lectures and tu to r ia ls
2. To i l lu s t r a te  material taught in 
lectures and tu to r ia ls
3. To demonstrate tha t chemistry is  an 
empirical science
4. To demonstrate tha t chemistry is  a useful 
science
5. To study a small area o f chemistry in depth
6. To teach basic p ractica l s k i l l s  (e.g.
manipulative and preparative s k i l l s  and 
techniques)
7. To fa m il ia r is e  students with some 
important instruments and devices
8. To t ra in  students in observation
9. To make students aware o f spec if ic
hazards in  experimental chemistry and to 
teach them to take the necessary 
safety precautions
10. To simulate conditions in research and 
development laboratories
11. To develop students' s k i l l  in problem­
solving by experimental work
12. To t ra in  students in experimental 
design
13. To develop students' a b i l i t y  to recognize 
problems which can be solved through 
experimental chemistry
14. To develop students' a b i l i t y  in making 
hypotheses
15. To develop students' a b i l i t y  in 
se lecting techniques, procedures or 
apparatus appropriate fo r  a 
p a r t ic u la r  course
2 3 4/: 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
1 2 3 4 5  1 2 3 4 5
o u u l i e
16. To develop students' a b i l i t y  to make 1 2  3 4 5
c r i t i c a l  assessment o f the methods used
to obtain experimental data
17. To teach a log ica l and methodical way o f 1 2  3 4 5
working in  a chemistry laboratory
18. To t ra in  students in keeping a day-to- 1 2 3 4 5
day laboratory notebook
19. To develop students' a b i l i t y  to make 1 2  3 4 5
deductions from experimental data and to
in te rp re t  experimental data
20. To develop students' a b i l i t y  in 1 2  3 4 5
accepting or re jec t ing  a hypothesis
21. To develop students' a b i l i t y  in 1 2  3 4 5
estimating the size and s ign if icance
of errors
22. To t ra in  students in w r i t in g  reports 1 2 3 4 5
experiments
23. To develop students' a b i l i t y  to 1 2  3 4 5
communicate resu lts  o ra l ly  (e.g. in
seminars and discussions)
24. To provide the students with a 1 2  3 4 5
stimulus fo r  independent th ink ing
25. To encourage in i t i a t i v e  and 1 2  3 4 5
resourcefulness in the students
26. To stimulate and maintain students' 1 2  3 4 5
in te re s t  in  chemistry
27. To encourage perseverance in 1 2  3 4 5
experimental chemistry
28. To develop honesty and s c ie n t i f ic  1 2  3 4 5
in te g r i ty
29. To develop open-mindedness and 1 2  3 4 5
f l e x i b i l i t y  of a t t i tu d e  (e.g. w i l l in g ­
ness to consider new facts)
30. To t ra in  students in extracting  1 2  3 4 5
information from the l i te ra tu re
( inc luding tra in in g  in the use of the 
l ib ra ry )
31. To provide closer contacts between 1 2  3 4 5
students and academic s ta f f
32. To provide closer contacts between 1 2  3 4 5
students w ith in  the course
33. To develop students' s k i l l  in working 1 2  3 4 5
and co-operating with others in a team
34. To i l lu s t r a te  the relevance o f chemistry 1 2  3 4 5
to chemical engineers
35. To fa m il ia r is e  the student w ith 1 2  3 4 5
laboratory scale experiments w ith in  the
context of the research and development 
requirements o f chemical engineers
uuurbc__
2 3 4 5
2 3 4 5 
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5 
2 3 4 5
2 3 4 5 
2 3 4 5 
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
S T U D E N T  I N T E R V I E W
In troduction
1. What are your general reactions to th is  laboratory course?
2. Are there any p a r t ic u la r ly  good features tha t s t r ik e  you about 
the course?
3. Any bad features?
Outcomes
4. What do you th ink you are getting out o f the course? What 
are you learning?
I nterest
5. How in te res ting  do you f ind  the course? Do you f in d  i t  more 
or less in te res ting  than other laboratory courses tha t you 
have done? Why? Why not?
6. Do you f ind  the laboratory course more or less in te res t in g  
than lectures? Why? Why not?
Relevance
7. How c lose ly is  the laboratory course re lated to the lectu re  
courses?
8. Is i t  re levant to you as a chemical engineer?
Importance
9. How important do you consider th is  laboratory course to be? . . .  
 compared with lectures?
D i f f i c u l t y
10. How d i f f i c u l t  to you f in d  th is  course?
Do you f ind  i t  demanding?
Aims
11. What do you th ink are the aims o f th is  laboratory course?
D e m on s tra to rs /S ta f f /T ech n ic ians
12. Do you f ind  them helpfu l? In what ways? Are there any 
problems?
Video-tapes
13. What are your reactions to the use o f video-tapes in the 
laboratory? Would you l ik e  to see more or less use made 
o f them?
14. How do video-tapes compare with other ways o f learning s k i l ls ?  
What do you see as th e i r  advantages/disadvantages?
15. Do you f ind  them in te resting /boring?
16. Have you had any d i f f i c u l t i e s  understanding or remembering 
what is  on the video-tapes?
17. What did you th ink o f the technical q u a l i ty  o f the video-tapes 
Picture? Sound?
Groups
18. How do you l ik e  working in  groups? Does i t  have any 
advantages/di sadvantages?
Is the size of your group about r igh t?
APPENDIX A 4.6
STUDENT INTERVIEW SCHEDULE 1 18 January 1976
1. Relationship with lectures
(a) Is the laboratory course re lated to  the lectures?, In what way?
Do lectures re fe r  to p a r t ic u la r  experiments in laboratory
or are the experiments ju s t  based on material in the lectures?
(b) Does the p rac tica l work help you to understand the theory?
In what way? Does the theory help you understand the practica ls?
(c) What does the prac tica l course add to the lecture course?
What does the lecture course add to the p ractica l course?
2. Method o f work
(a) What parts o f the book have you looked at? Have you looked
at any parts o f the experiments which you have not done yet?
(b) Do you study the experiments tha t you are going to do before 
you come in to  the laboratory? For how long? What help is 
this?
(c) What do you th ink o f working in pairs? What are the problems 
and advantages?
3. Understanding
(a) How well do you understand the experiments w h i ls t  you are
doing them? What factors are important in helping you to
understand and which prevent you from understanding the 
experiment?
(b) Have you ever encountered1s w itc h -o f f '? Does th is  happen 
to you often? Why does i t  happen?
(c) What do you th ink o f  the system o f having a lo t  o f  s t a f f
in the laboratory at the beginning o f  the session?
4. Are there any p a r t ic u la r  features o f th is  course that you l ik e  
or d is l ike?  What? Why?
What are your general reactions to the course?
STUDENT INTERVIEW SCHEDULE 2
In troduction
1. What are your reactions to th is  laboratory course?
2. Are there any p a r t ic u la r  good features tha t s tr ik e  you about the 
course? Any bad features? Advantages? Problems?
3. How does i t  compare with other laboratory courses tha t you have 
done?
Aims
4. What do you th ink are the aims o f  the laboratory course?
Sources o f help
5. What do you th ink o f having a large number o f  s ta f f  in the 
laboratory fo r  the f i r s t  hour?
6. In the f i r s t  hour, do you approach the s ta f f  or do they ju s t  come 
up and ask you what you are doing? (How do they approach you?
Do they ask you i f  you have any problems? Do they t r y  to see i f  
you understand?)
7. What exactly do you gain from being there?
8. Who would you contact (staff/demonstra tors/students/technic ians)
(a) i f  you have d i f f i c u l t i e s  fo llow ing the ins tru c t io n  sheets or 
d i f f i c u l t i e s  using the apparatus?
(b) i f  your experiment goes wrong and you d id n ' t  get the resu lts  
tha t you expected?
(c) i f  you have d i f f i c u l t i e s  understanding the experiment?
9. WHY would you consult one group o f  people ra ther than another?
10. What do you th ink o f working in  pairs? What are the problems and 
advantages?
11. Have you used any o f the Calchem packages yet? What did you th in k  
o f them? How do they d i f f e r  from using the laboratory manual? 
(time, th ink ing , enjoyment)
Preparing fo r  experiments
12. Do you read the experiments in the manual before you come in to  the 
laboratory? Which parts o f the maual have you read? Do you read
any textbooks beforehand? How does a l l  th is  help you when you are 
in the laboratory? What do you th ink o f the laboratory manual/ 
instructions?
Understanding
13. How well do you understand the experiments w h ils t  you are doing them?
14. What factors are important in helping you to understand the 
experiments and what factors hinder you from understanding the 
experiments? (Pre-knowledge - Have you done the theory in previous 
years? In th is  term's lectures? Have staff/dem onstrators/ 
students helped you to understand i t?  Do you discuss i t  w ith 
your partner?)
15. In other courses that I have studied I have noticed tha t students 
sometimes work through experiments without re a l ly  understanding 
them. They simply fo llow  the ins truc tions  l ik e  a recipe. Does 
th is  ever happen with you? Why? (Easy, time, understanding, 
exams?)
Relationship with lectures
16. Is the laboratory course re lated to the lecture courses? In what
way? Do lecturers re fe r  to p a r t ic u la r  experiments in the laboratory
or are the experiments ju s t  based on material in the lectures?
17. Does the p rac tica l help you to understand the theory? In what way?
Does the theory help you to understand the practica l?  In what way?
What does the practica l course add to the lecture courses?
What do the lecture courses add to the practica l?
17a Importance
Assessment/write-up
18. How long a f te r  the experiments do you w rite  them up? Why?
What is  the value o f the write-up to you? Do you use textbooks?
WHY RUSH?
19. What do you get marks fo r  in the p rac tica l course?
20. Have you adopted any p a r t ic u la r  s tra teg ies fo r  ge tting  marks?
Do people f id d le  results? Do you?
21. What value is  the assessment to you? (Detailed feedback, general 
impression)
Outcomes
23. What are you g e t t in g  ou t o f  the la b o ra to ry  course?
EVALUATION OF PHYSICAL CHEMISTRY LABORATORY COURSE
F E E D B A C K  S H E E T
Information given on th is  sheet w i l l  be used to assess the experiment 
not yourse lf.
NAME
TITLE OF EXPERIMENT
Please rate the f i r s t  three items on th is  questionnaire on the f iv e  
point scales.
1. The d i f f i c u l t y  o f th is  experiment:
Too easy Too d i f f i c u l t
1 2 3 4 5
2. Your in te re s t in the experiment:
Boring Stimulating
1 2 3 4 5
3. The relevance o f  th is  experiment to the Chemistry lecture courses:
Unrelated Closely re lated
1 2 3 4 5
4. What knowledge, or s k i l l s ,  were you assumed to have before you 
started th is  experiment, that you did not have?
5. Please w rite  down any p a r t ic u la r  d i f f i c u l t i e s  which you had w ith 
th is  experiment.
6. Any o th e r  comments?
Thank you 
ROD WATSON
In s t i tu te  fo r  Educational Technology 
Univers ity  o f Surrey
EVALUATION OF PHYSICAL CHEMISTRY LABORATORY COURSE
I would be grate fu l fo r  your help in completing th is  questionnaire.
I have started to analyse the information that you have given me 
th is  term in the feedback sheets and in terviews, but there are s t i l l  
a number o f outstanding questions which you could help me to answer 
by f i l l i n g  in th is  questionnaire.
I would l ik e  to assure you tha t any information which you give me by 
answering th is  questionnaire w i l l  not be passed on to  the course 
organiser in any way that would id e n t i fy  you.
Rod Watson
Department o f Chemistry
and In s t i tu te  fo r  Educational Technology
Univers ity  o f Surrey
NAME
1. This question is  concerned with the advantages and disadvantages 
o f working in pairs during th is  practica l course.
Below are 8 statements.
I f  you agree w ith the statements c i r c le  A 
I f  you disagree c i r c le  D
I f  you ne ither agree nor disagree, or i f  you cannot decide c i r c le  N.
Agree Disagree
(a) I pre fer working alone to working in
pairs A N D
(b) I make more mistakes when doing an
experiment in pairs than i f  working A N D
alone
(c) Discussion with my partner gives me
a greater understanding of the . n n
experiment than i f  I had worked
alone
(d) I work fas te r when working alone A N n
than when I work in  a pa ir
(e) I learn more when I work alone than 
when I work in a pa ir A N D
( f )  My partner and I work well as a team A N D
(g) I l ik e  having my partner fo r  company 
during the p rac tica l classes
(h) Discussion with my partner is  help­
fu l when working out resu lts  and 
calcu la tions
A N D
I f  you have done one o f the Calchem computer programmes, please answer 
questions 2, 3, 4, 5 and 6.
2. Please rate each o f the fo llowing items according to whether you 
th ink i t  is  an important advantage of the Calchem programmes.
Not an Important
advantage advantage
(a) There is  no fear o f ge tting the 1 2  3 4 5
wrong answer; the computer does 
not get angry or impatient with 
you
(b) You work through the theore tica l 1 2  3 4 5
work in a log ica l manner
(c) The computer responds personally 1 2  3 4 5
your answers
(d) Your complete 'conversation' with
the computer is  recorded on 1 2  3 4 5
paper fo r  you
(e) You get immediate feedback about
whether you have given the r ig h t  1 2  3 4 5
or wrong answer
( f )  You are to ld  why you have got the l ? 3 4 5
answers r ig h t  or wrong
(g) I t  makes you th ink 1 2  3 4 5
(h) You learn by discussing your 1 ? 3 4 3
answers with your partner
3. What other advantages did the Calchem programmes have over normal 
methods o f learning?
4. Please ra te  each o f  the fo l lo w in g  items accord ing to  whether you
th in k  i t  i s  an im po rtan t problem o f  the Calchem programmes.
Not a Important
problem problem
(a) I t  took a long time to complete the 1 2  3 4 5
programme
(b) The computer sometimes does not 
understand your answers
5. What other problems were there?
6. What did doing the Calchem programme add to the p rac tica l work?
7. In what way does the fac t tha t you have exams at the end o f  th is  
u n it  a f fe c t  the way tha t you work in the laboratory?
8. Please t ic k  the appropriate box to ind icate whether you th ink i t  
is  be tte r to have lectures before or a f te r  the re lated p rac tica l 
work in the fo llow ing areas:
Lectures
essential
before
practica l
Lectures
preferred
before
practica l
. Does• 
not
matter
Practica l
preferred
before
lectures
Practica l
essentia l
before
lectures
(a) Thermochemistry
(b) Kinetics
(c) Electrochemistry
(d) Spectroscopy
9. What are the main advantages in  having le c tu re s  before  a re la te d
p r a c t ic a l  experiment?
10. What are the main advantages in doing an experiment before the 
re lated lectures?
11. What are the main problems in doing an experiment before the 
re lated lectures?
12. What percentage o f the experiments are re lated to theore tica l 
work covered in previous years ra ther than th is  term's work?
13. Apart from gaining marks did you gain anything from doing the 
write-ups fo r  each experiment? What?
14. Do you feel tha t the time spent w rit ing -up  the experiment is  
well spent?
I f  you have answered no, in what way would you l ik e  to see the 
write-up modified?
0% 20% 40% 60% 80% 100%
15. On average approximately how long a f te r  you completed an experiment 
in the laboratory did you w rite  i t  up?
16. Does i t  matter i f  there is  a gap between doing the experiment and 
w r it in g  i t  up?
YES □  NO □
I f  you have answered yes, in what way does i t  matter?
17. Do you feel tha t you are given enough information about how 
well you are ge tt ing  on in the laboratory course?
y e s D  n o D
I f  you have answered no, please explain what information 
you would f ind  useful.
18. Are there any other comments tha t you would l ik e  to make about 
the p ractica l course?
The fo llow ing is  a l i s t  o f possible aims fo r  a chemistry laboratory 
course. Please rate each aim on each o f the two scales. On the 
f i r s t  scale please rate the aim depending on how important you th ink 
i t  ac tua lly  J_s in th is  laboratory course ( i . e .  give your idea of the 
aims o f the present course). On the second scale please rate the 
aim on the scale depending on how important you th ink i t  should be 
in laboratory course ( i . e .  give your idea o f the aims o f an ideal 
course).
Use the scale from 1 (not an aim) to 5 (a very important aim).
1 = not an aim
5 = a very important aim
1. To teach theore tica l material not included 
in  lectures and tu to r ia ls
2. To i l lu s t r a te  material taught in lectures 
and tu to r ia ls
3. To demonstrate tha t chemistry is  an 
empirical science
4. To demonstrate tha t chemistry is  a 
useful science
5. To study a small area o f chemistry in 
depth
6. To teach basic p rac tica l s k i l l s  (e.g. 
manipulative s k i l l s  and techniques)
7. To fa m il ia r is e  students with important 
instruments and devices
8. To t ra in  students in observation
9. To make students aware o f spec if ic  
hazards in experimental chemistry and 
to teach them to take the necessary 
safety precautions
10. To simulate conditions in research 
and development laboratories
Present
course
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
Your ideal 
course
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5  1 2  3 4 5
1 = not an aim
5 = a very im po rtan t  aim
11. To develop students' s k i l l  in problem- 
solving by experimental work
Present
course
1 2 3 4 5
12. To t ra in  students in experimental design 1 2  3 4 5
13. To develop students' a b i l i t y  to recognise
problems which can be solved through 1 2  3 4 5
experimental chemistry
14. To develop students' a b i l i t y  in making , ? . r
hypotheses
15. To develop students' a b i l i t y  in selecting
techniques, procedures or apparatus 1 2  3 4 5
appropriate fo r  a p a r t ic u la r  experiment
16. To develop students' a b i l i t y  to make a
c r i t i c a l  assessment o f the methods used 1 2  3 4 5
to obtain experimental data
17. To teach a log ica l and methodical way 
o f working in a chemistry laboratory
18. To t ra in  students in keeping a day-to- 
day laboratory notebook
20. To develop students' a b i l i t y  in 
accepting or re jec t ing  a hypothesis
22. To t ra in  students in w r i t in g  reports 
on experiments
1 2 3 4 5
1 2 3 4 5
19. To develop students' a b i l i t y  to make
deductions from experimental data 1 2  3 4 5
and to in te rp re t  experimental data
1 2 3 4 5
21. To develop students' a b i l i t y  in
estimating the size and s ign if icance 1 2  3 4 5
o f errors
1 2 3 4 5
Your id ea l
course
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
23. To develop students' a b i l i t y  to 
communicate resu lts  o ra l ly  
(e.g. in seminars and discussions)
1 2 3 4 5  1 2 3 4 5
1 = no t an aim Present
5 = a very im po rtan t aim course
24. To provide the students with a stimulus 1 2  3 4
fo r  independent th ink ing
25. To encourage i n i t i a t i v e  and resourcefulness o o a c 
in the students
26. To stimulate and maintain students* 
in te re s t  in chemistry
27. To encourage perseverance in 
experimental chemistry
28. To develop honesty and s c ie n t i f ic  
in te g r i ty
30. To t ra in  students in  extracting  
information from the l i te ra tu re  
(inc lud ing tra in in g  in the use o f the 
l ib ra ry )
31. To provide closer contacts between 
students and academic s ta f f
32. To provide closer contacts between 
students w ith in  the course
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
29. To develop open-mindedness and
f l e x i b i l i t y  o f a t t i tu d e  (e.g. w i l l in g -  1 2 3 4 5
ness to consider new facts)
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
Your id ea l
course
1 2  3 4
1 2  3 4
1 2  3 4 
1 2  3 4 
1 2  3 4
1 2  3 4
1 2  3 4
1 2 3 4 5
1 2 3 4 5
33. To develop students' s k i l l  in  working 
and co-operating with others in a 
team
1 2 3 4 5  1 2 3 4 5
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Chemistry I I  Q uestionna ire
EVALUATION OF PART I CHEMISTRY LABORATORY COURSE
I would be gra te fu l fo r  your help in completing yet another questionnaire. 
I have begun to analyse the information tha t you have given me during 
th is  term in feedback sheets and in terv iews, and there are a few 
outstanding questions which your response to th is  questionnaire w i l l  
help to answer.
I would l ik e  to assure you that any information which you give me by 
answering th is  questionnaire w i l l  not be passed on to  the course 
organiser in any way that would id e n t i fy  you.
Could you please t r y  to complete th is  questionnaire as soon as possible 
and return i t  to me via the questionnaire boxes in Labs. C and D?
Rod Watson
Department o f Chemistry
and In s t i tu te  fo r  Educational Technology
Univers ity  o f Surrey
NAME
This questionnaire is  divided in to  two parts: Part A is  concerned with 
units 10 and 11 only. Part B is  concerned with the whole o f  the part I 
laboratory course.
PART A: UNITS 10 AND 11
1. On average approximately how many hours per week have you 
spent in the laboratory working on un its  10 and 11
hours
2. Of th is  time spent in  the laboratory approximately how many 
hours per week were spent w r i t in g  up the experiments?
hours
3. How many hours per week were spent outside the laboratory 
w r i t in g  up experiments?
hours
4. How many experiments have you not completed in units 10 
and 11?
5. Approximately how much o f  the uncompleted experiments did 
you get done?
0 1 1 3 Almost4 2 4 a l l
6. This question is  concerned with the extent to which the 
ins truc t ion  sheets were adequate in te l l in g  you what 
procedures to use, i . e .  in t e l l in g  you what you should do.
How often was i t  necessary to consult senior demonstrators, 
ju n io r  demonstrators or other students about the procedure?
a. Never, or only once or twice during units 10 and 11 \ ]
b. Occasionally, one or twice during each prac tica l class □
c. Quite o ften, several times during each prac tica l class □
d. Very o ften , frequently  during each practica l class □
7. How often did people from the fo llow ing groups help you by 
explaining what procedure should be used?
Often helped me Never helped me
a. Senior demonstrators 1 2 3 4 5
b. Junior demonstrators 1 2  3 4 5
c. Other students 1 2  3 4 5
8. When you encountered p rac tica l problems (e.g. the experiments 
produced unexpected resu lts  or no re s u lts ! )  how often did people 
from one o f the fo llow ing groups help you to sort out the problem?
Often helped me Never helped me
a. Senior demonstrators 1
b. Junior demonstrators 1
c. Other students 1
9. To what extent did you understand the theore tica l material 
connected with the practica l experiments, when you were doing 
them in the laboratory?
a. My understanding was good
b. I p a r t ia l ly  understood them
c. My understanding was poor
10. To what extent did you understand the theore tica l material connected 
with the p rac tica l experiments, a f te r  you had completed them and
□□□
2 3 4 5.
2 3 4 5
2 3 4 5
f in is h e d  w r i t in g  them up?
a. My understanding was good □
b. I p a r t ia l ly  understood them □
c„ My understanding was poor j |
11. How often did the fo llow ing help you to understand the theore tica l 
material connected with the p rac tica l experiments?
Often helped me Never helped me
a. Ins truc tion  sheets
b. Textbooks and other l i te ra tu re
c. Lectures and lecture notes
d.Senior demonstrators
e. Junior demonstrators
f .  Other students
4
4
4
4
4
4
Was anything else important in helping you to gain an understanding 
o f the theore tica l material connected with the p ractica l experiments?
12. Are there any other comments tha t you would l ik e  to make on un its  
10 and 11?
PART B: ALL THE PART I LABORATORY COURSE
The fo llow ing is  a l i s t  o f possible aims fo r  a chemistry laboratory 
course. Please rate each aim on each o f the two scales. On the f i r s t  
scale please rate the aim depending on how important you th ink  i t  
ac tu a lly  rs in th is  part I laboratory course ( i . e .  give your idea o f  the 
aims o f the present course). On the second scale please rate the aim on 
the scale depending on how important you th ink i t  should be in th is  part 
I laboratory course ( i . e .  give your idea o f the aims o f an ideal course).
Use the scale from 1 (not an aim) to 5 (a very important aim).
1 = not an aim 
5 = a very important aim
Present
course
Your ideal 
course
lo To.teach material not included in 
lectures and tu to r ia ls
2: To i l lu s t r a te  material taught in 
lectures and tu to r ia ls
3. To demonstrate tha t chemistry is  
an empirical science
40 To demonstrate tha t chemistry is  
a useful science
5. To study a small area o f 
chemistry in depth
6. To teach basic p rac tica l s k i l l s  
(e.g. manipulative and preparative 
s k i l l s  and techniques)
7. To fa m il ia r ise  students with some 
important instruments and devices
8o To t ra in  students in observation
9. To make students aware o f spec if ic  
hazards in experimental chemistry 
and to teach them to take the 
necessary safety precautions
10. To simulate conditions in research 
and development laboratories
11o To develop students' s k i l l  in 
problem-solving by experimental 
work
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
3 4
1 = no t an aim
5 = a very im po rtan t aim
12. To t ra in  students in experimental 
design
13. To develop students' a b i l i t y  to 
recognise problems which can be 
solved through experimental 
chemi s try
14. To develop students' a b i l i t y  in 
making hypotheses
15. To develop students' a b i l i t y  in 
selecting techniques, procedures 
or apparatus appropriate fo r  a 
p a r t ic u la r  experiment
16. To develop students' a b i l i t y  to 
make a c r i t i c a l  assessment o f 
the methods used to obtain 
experimental data
17. To teach a log ica l and methodical 
way o f working in a chemistry 
laboratory
18. To t ra in  students in keeping
a day-to-day laboratory notebook
19. To develop students' a b i l i t y
to make deductions from experi­
mental data and to in te rp re t  
experimental data
20. To develop students' a b i l i t y  in 
accepting or re jec t ing  a 
hypothesis
21. To develop students' a b i l i t y  in 
estimating the size and 
s ign if icance o f errors
22. To t ra in  students in w r it in g  
reports on experiments
23. To develop students' a b i l i t y  
to communicate resu lts  o ra l ly  
(e.g. in seminars and discussions)
24. To provide the students with 
a stimulus fo r  independent 
th ink ing
25. To encourage in i t i a t i v e  and 
resourcefulness in the students
Present
course
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
1 2 3 4 5
Your id ea l
course
1 2  3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4
1 = not an aim Present Your idea l
5 = a very im po rtan t aim course course
26. To stimulate and maintain 1 ? ? a R i ?  ^ A
students' in te re s t  in chemistry
27. To encourage perseverance in 1 2  3 4 ^  i ? 3 4
experimental chemistry - . ~ _
28. To develop honesty and , ? ~ . r i ? q a
s c ie n t i f ic  in te g r i ty
29. To develop open-mindedness and
f l e x ib i l i t y  of a ttitude  (e.g. 1 2 3 4 5  1 2 3 4
willingness to consider new
facts)
30. To t ra in  students in  ex trac ting
information from the l i te ra tu re  i ? ? a  ^ l ? 3 A
(including train ing in the use 
of the lib rary )
31. To provide closer contacts
between students and academic 1 2  3 4 5 1 2  3 4
s ta f f
32. To provide closer contacts
between students w ith in  the 1 2  3 4 5 1 2  3 4
course
33. To develop students' s k i l l  in
working and co-operating with 1 2  3 4 5 1 2  3 4
others in  a team
Please feel free to make any other comments about the part I laboratory 
course.
Thank you0
EVALUATION OF PART I CHEMISTRY LABORATORY COURSE
I would be g ra te fu l . fo r  your help in completing th is  questionnaire. 
I have analysed the information that you gave me la s t  term in the 
feedback sheets and in terv iews, but there are s t i l l  a number o f 
outstanding questions which you could help me to answer by f i l l i n g  
in th is  questionnaire.
I would l ik e  to assure you tha t any information which you give me 
by answering th is  questionnaire w i l l  not be passed on to the 
course organiser in any way tha t would id e n t i fy  you.
Rod Watson
Department o f Chemistry
and In s t i tu te  fo r  Educational Technology
Univers ity  o f Surrey
NAME
U n it  U n it  U n it
1 2 3
1. On average approximately how many hours per 
week have you spent in the laboratory 
working on un its  1, 2 and 3?
□
2. Of th is  time spent in the laboratory 
approximately how many hours per week 
were spent w r i t in g  up the experiments?
□ □ □
3. How many hours per week were spent 
outside the laboratory w r i t in g  up □ □ Q
the experiments?
4. Which un it  or part o f  a u n it  do you th ink  has been the most 
worthwhile so far? Why?
5. Which un it  or part o f a u n it  has been the least worthwhile so 
far? Why?
6. How often did people from the fo llow ing groups help you by 
explaining what procedure should be used, i .e .  by explaining 
what you should do during the experiments?
Often helped me
a. Senior demonstrator 1 2
b. Junior demonstrator 1 2
c. Other students 1 2
7. When you encountered p rac tica l problems (e.g. the experiments 
produced unexpected resu lts  or no re s u lts ! )  how often did 
people from one o f  the fo llow ing groups help you sort out the 
problem?
Often helped me
a. Senior demonstrator 1 2
b. Junior demonstrator 1 2
c. Other students 1 2
Never helped me
3 4 5
3 4 5
3 4 5
Never helped me
3 4 5
3 4 5
3 4 5
8. To what extent did you understand the theore tica l material 
connected with the p rac tica l experiments, when you were doing 
them in the laboratory?
Poor Good
understanding understanding
a. Unit 1 1 2  3 4 5
b. Unit 2 (chromatography) 1 2  3 4 5
c. Unit 2 ( s ta t is t ic s )  1 2  3 4 5
d. Unit 3 1 2  3 4 5
9. To what extent did you understand the theore tica l material connected 
with the p rac tica l experiments, a f te r  you had completed them and 
fin ished w r i t in g  them up?
Poor Good
understanding understanding
a. Unit 1 1 2  3 4 5
b. Unit 2 (Chromatography) 1 2 3 4 5
c. Unit 2 (S ta t is t ic s )  1 2  3 4 5
d. Unit 3 1 2  3 4 5
10. How often did the fo llowing help you to understand the theore tica l 
material connected with the p rac tica l experiments?
Often helped me Never helped me
a. Ins truc t ion  sheets
b. Textbooks and other l i te ra tu re
c. Lectures and lecture notes
d. Senior demonstrators
e. Junior demonstrators
f .  Other students
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
11.
12 .
I f  you have indicated a preference to consult one o f  the three 
groups ( i . e .  senior demonstrators, ju n io r  demonstrators or 
students) ra ther than another in questions 6, 7 and 10, please 
explain why you consulted one group o f people ra ther than 
another.
How successful were the workshops (demonstrations) in preparing 
you fo r  the experiments which followed them?
Not successful Very successful
2 3 4 5
Please "describe any factors tha t l im ited  the success o f the 
workshops:
13. Second year students have described a tendency to carry out 
experiments without th ink ing ; to simply turn to the procedure 
and fo llow  the 'recipe* without f i r s t  t ry in g  to understand the 
experiment.
How often does th is  happen with you?
In no experiments In a l l  experiments
1 2 3 4 5
Why do you th ink th is  happens?
14. Are there any other comments that you would l ik e  to make on 
un its  1, 2 and 3?
Thank you.
Chemistry I Q uestionna ire  2
EVALUATION OF PART I CHEMISTRY LABORATORY COURSE
I would be gratefu l fo r  your help in completing th is  f in a l  questionnaire. 
I have analysed the information tha t you have given me th is  term in 
questionnaires and in interv iews. Your answers in th is  questionnaire 
w i l l  help me sort out a few remaining questions.
I would again l ik e  to assure you tha t any information which you give 
me by answering th is  questionnaire w i l l  not be passed on to the course 
organiser in any way tha t would id e n t i fy  you.
Thank you very much fo r  a l l  your help up to now: i t  is  very much 
appreciated.
Rod Watson
Department o f  Chemistry
and In s t i tu te  fo r  Educational Technology
Univers ity  o f Surrey
Next term I w i l l  produce a summary of my f ind ings. 
Would you l ik e  me to send you a copy?
I f  you have answered yes, please state which College you are in .
How often do you prepare fo r  the practica l work by reading the 
experimental sc r ip ts  before you come in to  the labora tory , when 
the experimental sc r ip ts  are ava ilab le at least a day before 
you do an experiment?
In what ways does reading the experimental s c r ip t  before you 
come in to  the laboratory to do an experiment, help you in the 
laboratory?
Please indicate below whether you agree or disagree w ith the 
statements below about the workshops.
College
Never Always
2 3 4 5
A = Agree 
D = Disagree 
N = Neutral
Agree Disagree
(a) I t  was d i f f i c u l t  to understand 
the workshops without having 
f i r s t  read the experimental 
scrip ts
A N D
Agree Disagree
(b) I could always see the demonstrations 
cl early
(c) I t  was d i f f i c u l t  to remember 
de ta i ls  o f  a workshop i f  I did not 
do the re lated experiment u n t i l  
several days la te r
Do you pre fer to have the exepriments in a u n it  timetabled so 
that you do them at a f ixed time or do you prefer to be able 
to do them at a time tha t you decide?
(a) Timetabled a t a f ixed  time [ )
(b) A time that I decide | [
(c) I do not mind □
I f  you have chosen (a) or (b) please explain why.
This question is  concerned with the advantages and disadvantages 
o f working in pairs during th is  p rac tica l course.
Below are e igh t statements.
I f  you a.gree with the statements, c i rc le  A 
I f  you disagree, c i r c le  D
I f  you ne ither agree nor disagree, or i f  you cannot decide 
c i rc le  N.
Agree Disagree
(a) I prefer working alone to working in 
pairs
(b) I make more mistakes when doing an 
experiment i f  working in pairs than 
i f  working alone
(c) Discussion with my partner gives me 
a greater understanding o f the 
experiment than i f  I had worked 
alone
A N D
A N D
A N D
A = Agree 
D = Disagree
N = Neutral Agree Disagree
(d) I work fas te r  when working alone ' ^
than when I work in a pa ir D
(e) I learn more when I work alone A N D
than when I work in a pa ir
( f )  My partner and I work well as a team A N D
(g) I l ik e  having my partner fo r  company A N D
during the p rac tica l classes
(h) Discussion with my partner is  help­
fu l when working out resu lts  and A N D  
calculations
( i )  I t  is  more d i f f i c u l t  to organise and
co-ordinate the p rac tica l work when A N D
I work in a pa ir  than when I work
alone
Please explain what you gain (apart from course marks) from doing 
the write-up fo r  each experiment, i . e .  working out your re su lts ,  
answering the questions, etc.
Do you feel tha t you are given enough information about how well 
you are doing in the part I laboratory course?
Yes □  No □
I f  you have answered no, please explain what kind o f  information 
you would f ind  useful.
Are there any other comments tha t you would l ik e  to make on the 
laboratory course?
The fo llow ing is  a l i s t  o f possible aims fo r  a chemistry laboratory 
course. Please rate each aim on each o f the two scales. On the 
f i r s t  scale please rate the aim depending on how important you th ink 
i t  ac tua lly  j_s in th is  laboratory course ( i . e .  give your idea o f  the 
aims o f the present course). On the second scale please rate the aim 
on the scale depending on how important you th ink i t  should be in the 
laboratory course ( i . e .  give your idea o f the aims o f an ideal course).
Use the scale from 1 (not an aim) to 5 (a very important aim)
1 = not an aim 
5 = a very important aim
1. To teach theore tica l material not 
included in lectures and tu to r ia ls
2. To i l lu s t r a te  material taught in 
lectures and tu to r ia ls
3. To demonstrate tha t chemistry is  
an empirical science
4. To demonstrate tha t chemistry is  a 
useful science
5. To study a small area o f chemistry 
in depth
6. To teach basic p rac tica l s k i l l s  
(e.g. manipulative and preparative 
s k i l l s  and techniques)
7. To fa m il ia r is e  students with some 
important instruments and devices
8. To t ra in  students in observation
9. To make students aware o f spec if ic  
hazards in experimental chemsitry 
and to teach them to take the 
necessary safety precautions
10. To simulate conditions in research 
and development laboratories
11. To develop students' s k i l l  in 
problem-solving by experimental 
work
12. To t ra in  students in experimental 
design
Present
course
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
1 2 3 4 5
Your ideal 
course
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
1 2 3 4 5
1 = no t an aim Present
5 = a very im po rtan t aim course
13. To develop students' a b i l i t y  to
recognise problems which can be 1 2  3 4 5
solved through experimental chemistry
14. To develop students1 a b i l i t y  in 
making hypotheses
15. To develop students' a b i l i t y  in 
se lecting techniques, procedures 
or apparatus appropriate fo r  a 
p a r t ic u la r  experiment
18„ To t ra in  students in keeping a 
day-to-day laboratory notebook
19. To develop students' a b i l i t y  to 
make deductions from experimental 
data and to in te rp re t  experimental 
data
20. To develop students' a b i l i t y  in 
accepting or re jec t ing  a hypothesis
22. To t ra in  students in report w r i t in g  
on experiments
26. To stimulate and maintain students' 
in te res t in chemistry
27. To encourage perseverance in 
experimental chemistry
1 2 3 4 5
1 2 3 4 5
16. To develop students' a b i l i t y  to make
a c r i t i c a l  assessment o f  the methods 1 2  3 4 5
used to obtain experimental data
17. To teach a log ica l and methodical
way o f working in  a chemistry 1 2  3 4 5
laboratory
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
21. To develop students' a b i l i t y  in
estimating the size and s ign if icance 1 2  3 4 5
o f errors
1 2 3 4 5
23. To develop students' a b i l i t y  to
communicate resu lts  o ra l ly  1 2  3 4 5
(e.g. in seminars and discussions)
24. To provide the students with a 1 2  3 4 5
stimulus fo r  independent th inking
25. To encourage in i t i a t i v e  and 1 2  3 4 5
resourcefulness in the students
1 2 3 4 5 
1 2 3 4 5
Your idea l
course
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
1 = not an aim Present
5 = a very im portan t aim course
28. To develop honesty and s c ie n t i f ic  1 2  3 4 5
in te g r i ty
29. To develop open-mindedness and
f l e x i b i l i t y  o f  a t t i tu d e  (e.g. 1 2 3 4 5
willingness to consider new facts)
30. To t ra in  students in extracting 
information from the l i te ra tu re  
( inc luding t ra in in g  in the use 
o f the l ib ra ry )
1 2 3 4 5
31. To provide closer contacts between , 2 3 4 5
students and academic s ta f f
32. To provide closer contacts between 1 2  3 4 5
students w ith in  the course
33. To develop students' s k i l l  in
working and co-operating with 1 2  3 4 5
others in a team
Your id ea l
course
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
EVALUATION OF PART I CHEMISTRY LABORATORY COURSE
FEEDBACK SHEET
Information given on th is  sheet w i l l  be used to assess the experiment 
not you rse lf.
NAME ...............................................................
TITLE OF EXPERIMENT .............................................................
Please rate the f i r s t  three items on th is  questionnaire on the f iv e  
po in t scales.
1. The d i f f i c u l t y  o f  th is  experiment:
Too easy Too d i f f i c u l t
1 2 3 4 5
2. Your in te re s t in the experiment:
Boring Stimulating
1 2 3 4 5
3. The relevance o f  th is  experiment to the Chemistry lecture courses
unrelated Closely re lated
1 2 3 4 5
40 What knowledge, or s k i l l s ,  were you assumed to have before you 
started th is  experiment, tha t you did not have?
5. Please w rite  down any p a r t ic u la r  d i f f i c u l t i e s  which you had with 
th is  experiment.
6. What did you th ink was the purpose o f  th is  experiment?
7. What did you gain from doing th is  experiment?
8. Any other comments
Thank you,
Rod Watson
In s t i tu te  fo r  Educational Technology 
Univers ity  o f Surrey
STAFF INTERVIEW
In troduction
(1) How long has the course been running in units? Why is  th is  
system used?
(2) Why was i t  decided to introduce a new course la s t  year?
Who decided? Who did the planning? How?
(3) How did you get to be involved in th is  p a r t ic u la r  course?
Organisation
(4) Are certa in people responsible fo r  ind iv idua l un its or are a l l
the units designed by the course organiser? How is  each u n it
structured? (Are they structured?)
(5) How many students are there? S ta ff/s tuden t ra tio?
(6) How much group work? How much in pairs? Why?
(7) What do you give by the way o f : :
(a) p ractica l demonstrations
(b) tape slides?
How much? When?
Aims
(8) The main emphasis o f  th is  course appears to be on the appraisal 
and processing o f results? (Aims 16,19,21) How do you go 
about achieving these aims?
(9) Next most important are basic p rac tica l s k i l l s  (Aims 6,8 ,9) and 
f i n a l l y  more general experimental a b i l i t i e s  (Aims 15,18).
Is th is  a correct picture? How does the emphasis in  aims change 
as the course proceeds? What is  the la s t  term teaching?
(10) How successful is  the course in achieving i t s  aims? How do you 
know?
(11) The aims questionnaire indicates tha t Dr. H. would l ik e  a course 
which is  more open, in which the students make more decisions 
themselves. Is th is  correct? Why is  not the course organised 
in  th is  way now?
Assessment
(12) How are the students assessed? Why is  i t  done in th is  way?
Is th is  assessing the aims?
(13) To what extent do the students play the system, e.g. f id d le  th e ir
results?
(14) How much does the assessment count towards the f in a l  or part I 
to ta l  assessment? Does th is  e f fe c t  the students' a tt i tude s  to 
the laboratory?
General reactions
(15) What do you consider to be the main advantages o f  the way in 
which you run the laboratory?
(16) What are the main problems or disadvantages?
Is there enough s ta f f  and demonstrator time in the laboratory 
to deal with a l l  the students' problems?
Are there any problems with demonstrators? E ither w ith th e i r  
pedagogical standards or th e i r  a b i l i t y  to answer questions?
(17) Technicians? - what part do they play? Problems?
Student reactions
(18) What are the students' reactions to the course? How do you know?
In te re s t;  D i f f i c u l t y ;  Relevance to lectu re  course; Importance o f 
p ractica l s.
(19) Are there any problems with students being at d i f fe re n t  standards 
or having d i f fe re n t  background knowledge?
Calculators
(20) Are there any advantages apart from the saving o f  students' time?
STUDENT INTERVIEW ( f o r  Chem. 2) 3 November 1975
In troduction
(1) What are your reactions to th is  laboratory course?
(2) Are there any p a r t ic u la r  good features tha t s t r ik e  you about 
the course?
(3) Any bad features?
(4) How does i t  compare with other laboratory courses tha t you have done 
Outcomes
(5) What do you th ink you are ge tt ing  out o f the course? What are you 
learning?
Which o f the s k i l l s  and techniques could you do already? How do 
standards compare with previous work?
(6) How much of the course is  re p e t i t io n  o f previous work?
(7) In what way did you learn in th is  course?
In te res t
(8) How in te res ting  do you f ind  the course? Do you f in d  i t  more 
in te res ting  than other laboratory courses at un ivers ity? a t school? 
Why? Why not?
(9) Do you f in d  the laboratory course more or less in te re s t in g  than 
lectures? Why? Why not?
Relevance
(10) How close ly is  the laboratory course re lated to lectures?
Would you l ik e  to see i t  more c lose ly  related? Why? ( I f  not, 
does th is  matter?)
Importance
(11) How important do you consider laboratory work to be in you degree 
course? How important is  th is  course?
How does laboratory work compare with lectures and tu to r ia ls  
fo r  importance?
D i f f i c u l t y
(12) How d i f f i c u l t  do you f ind  th is  course?
Have you had any p a r t ic u la r  d i f f ic u l t ie s ?  Is there anything 
tha t has wasted your time?
(13) Do you f in d  th is  course a t a l l  demanding? Does i t  make you 
th ink fo r  yourself?/use your in i t ia t iv e ?
Time
(14) Is there enough time/too much time fo r  the p ractica l?  How 
long do you usually spend in the laboratory? From when u n t i l
when? Breaks?
(15) Is your time used e f f ic ie n t ly ?
Assessment
(16) What do you get marks fo r  in th is  p rac tica l course ?
(17) What else do you th ink marks should be given for?
(18) Do you th ink many people f id d le  th e i r  results? Do you?
Improvement
(19) In what ways could the laboratory course be improved?
Aims
(20) What do you th ink are the aims o f th is  laboratory course?
Demonstrators/Staff/Students/Technicians
(21) Do you f in d  them helpful? In what ways?
What do you see as being th e i r  ro le in the laboratory?
(22) How do you get on with the technicians?
(23) Do you get much help from other students? In what ways?
(24) Do the demonstrators/staff have enough time?
Who do you tend to consult most: s taff/demonstrators/students/ 
technicians? What for? Why?
Understanding
(25) To what extent do you understand experiments w h i ls t  you are 
doing them?
(26) Do you write-up experiments w h i ls t  you are doing them or at 
the end?
(27) Do you gain your understanding a f te r  writing-up?
(28) Did you do more than one experiment at once? Did you f in d  
th is  confusing? Did you know what you were doing? Did you 
understand i t?
INTERVIEW ( f o r  Chem. 2) 17 November 1975
General reactions
(1) What are your reactions to th is  laboratory course?
(2) Are there any p a r t ic u la r  good or bad features that s t r ik e  you 
about the course? Advantages, disadvantages, problems?
Time
(3) How much time do you spend working w ith in  the laboratory per week? 
What time do you go in? What time do you leave?
(4) Do you do the write-up in the laboratory or at home?
How much time do you spend out o f the laboratory w r i t in g  up? Why?
Understanding
(5) To what extent do you understand experiments w h i ls t  you are 
doing them? How is  th is  affected by when you w rite  i t  up? 
Do you gain your understanding w h ils t  w r i t in g  up?
(6) Do you do more than one experiment at once? Did you f in d  
th is  confusing?
Demonstrators
(7) What do you th ink  o f the demonstrators?
(8) Who do you go to fo r  help? Junior demonstrators/Senior 
demonstrators or other students fo r
(a) procedure
(b) problems
(c) understanding explanation
(9) Do you always go to demonstrators or do they ever come over to 
see what you are doing?
(10) What do demonstrators ac tua lly  do w h ils t  they are in the 
laboratory?
(11) How much time do you spend with demonstrators? Is th is  mainly 
in the viva?
Assessment/Wri te-up/Feedback
(12) How are you assessed?
(13) How much feedback do you get from
(a) demonstrators
(b) supervisor?
(14) Do you f id d le  your results? Why?
Structure
(15) What do you th ink o f doing a new top ic each 3 weeks?
(16) What do you th ink o f the fac t tha t the course is  integrated?
(17) What do you th ink o f changing which laboratory you work in
every so often?
(18) What do you th ink o f  the workshops? How do they operate? 
Outcomes )
Relevance j See previous in terv iew schedules 
Importance )
STUDENT INTERVIEW ( f o r  Chem. I )  19 January 1976
Demonstrators
(1) Have there been parts o f  the course when the demonstrators have 
not been availab le when you needed them? When?
( la )  Are they always able to help?
(2) For a p a r t ic u la r  experiment you might come in contact w ith a 
demonstrator during the experiment when you need help or a t the 
end in the viva. Which o f these is  more important? Why?
What do you th ink o f  the vivas? Are they helpful to you?
In what way?
(3) Do you pre fer to consult students or ju n io r  or senior demonstrators 
Why?
Do you prefer to go to ju n io r  demonstrators or senior demonstrators 
fo r  viva? Why?
(Do you always get the kind o f  help tha t you want?)
Understanding
(4) A lo t  o f  students seem to go through the prac tica l work in  the 
laboratory without re a l ly  understanding i t :  they simply fo llow  
the ins truc t ion s . Does th is  happen to you? Why do you th ink 
i t  happens?
(How does the amount o f time you have a f fe c t  the way tha t you work 
through the experiments?
Do you l ik e  to f in is h  a l l  the experiments? Why?)
(5) Do you prepare the experiments beforehand by reading the scripts?
S truc tu re  .of the Course
(6) Workshops.
What are your reactions to the workshops/demonstrators?
What do you learn?
Are there any problems which prevent you learning in workshops?
(7) Integration
The d i f fe re n t  areas o f chemistry: inorganic, organic and physical, 
are meant to be integrated in th is  course. Are they?
Are there any advantages/disadvantages in having an integrated 
course?
(8) Unit system
(a) What do you th ink o f s ta r t in g  a new top ic  each 3 weeks?
Does i t  have any advantages/disadvantages over a 10 week
course?
(b) What do you th ink o f the 3 a lte rna t ive  structures in units
1, 2 and 3?
( i )  Students do the experiments in the same order at th e i r
own pace and work in d iv id u a l ly
( i i )  Circus arrangement - t ig h t ly  scheduled - ind iv idua l
( i i i )  Students do the experiments in any order a t th e i r  own
pace and work in pairs
Do you prefer any o f these ways o f  organising things? Why? 
(Freedom o f order (choice), pace, in d iv id u a l/p a ir )
Working in pa irs: What are the problems/advantages?
(Problems - disagreements, pace 
Advantages - help with knowing what to do 
discussion -+ understanding)
Do you prefer working in pairs or alone?
Assessment
(9) What value is  the assessment to you? (Feedback - via supervisors)
(10) Are there any problems with the assessment?
(11) Have you adopted any p a r t ic u la r  stra teg ies fo r  ge tting  more marks?
(e.g. f id d l in g ,  going to ju n io r  demonstrators)
(12) Does the fac t tha t demonstrators assess your work as well as help 
you, a f fe c t  your a tt itudes  to them? Does i t  make you re luc tan t 
to consult them? Why?
General
(13) Relevance - Does i t  matter tha t i t  is  not c lose ly re lated to 
lectures and tu to r ia ls?
(14) Importance with regard to lectures and tu to r ia ls ?
